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Abstract
Copra is one of the major traditional products processed from coconuts and is used primarily
as a source of coconut oil. It is the kernel of coconut after reducing the moisture content
from 50% (wet basis) to 6% (wet basis) by drying. Traditional drying processes are vastly
used in manufacturing of copra and that has created many quality problems leading to
hygienic and health issues. Hence the coconut oil extracted from copra always is considered
as a low value product in world market. Therefore, it is important to introduce cleaner drying
methods with minimum quality problems to produce good quality copra.
A small scale, forced convection, solar-biomass hybrid drier was designed, fabricated and
tested for drying copra. The dryer is consisted with solar air heater, biomass-stove heat
exchanger and drying chamber. The biomass consumption was reduced by more than 60%
when the solar air heater was in operation. The dryer was designed with 3 compartments to
examine both single bed and multi bed drying characteristics of copra.
Good quality white copra could be produced from the proposed dryer. The multi bed drying
was found to be more economical with higher thermal efficiency and lower specific moisture
evaporation rate than single bed drying. The production rate of multi bed drying (0.74 kg/hr)
was almost double the production rate of single bed drying (0.35 kg/hr). However single bed
drying produced considerably high amount of white copra than multi bed drying.
At drying temperatures around 70 ºC high fraction (about 80%) of copra became with brown
in color. However by maintaining the drying temperatures lower than 60 ºC more than 70%
of white copra could be produced. Colorless coconut oil with good quality could be extracted
mechanically by using both white copra and light brown copra obtained from hybrid drying.

Keywords: Copra, drying, white copra, multi bed drying, single bed drying
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1. INTRODUCTION
1.1 Introduction to the Project
1.1.1 Food drying
Drying is the oldest method of preserving food. The sun, the wind, and smoky fire
have been used to remove water from fruits, vegetables, meats and herbs for many
years. Preserving food requires the control of enzymes and microorganisms.
Microorganisms which grow rapidly on raw or fresh food products can be controlled
by drying because drying is the process of removing water from food. Lack of water
limits the growth of microorganisms and preserves food. Other than preservation
drying minimizes space required for storage of dried products. Lightweight of final
products, easiness of handling, low consumption of energy to the process and
simplicity of the process compared to other processes can be listed as other
advantages. Presently several drying methods are practiced in common; sun drying,
solar drying, air drying, oven drying, microwave drying, drying with etc.
Drying can also be done to concentrate some compounds present in a material or it
can be done to prepare the material to another process. The main purpose of copra
drying is to concentrate the oil content which eventually facilitates coconut oil
extraction process.

1.1.2 Introduction to copra
Coconut tree has bound with Sri Lankan life style since thousands years ago. Many
historical stories can be found about the history of coconut tree in Sri Lankan
folklore. These folklore even dates back to king Dutugamunu era with stories on
using toddy obtained from the coconut tree (An introduction about coconut industry
1997). Spanning from those days people has been using almost all parts of the
coconut tree for different kind of purposes. Therefore, Sri Lankans used to call it as
“Kap Ruka” (the tree which provides all the necessities of life). The development of
coconut cultivation which was started in king‟s era continued to even in the colonial
era. Later, the Sri Lankan governments contributed towards coconut cultivation by
many ways. At present, three institutions have been established for developing
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coconut industry namely Coconut Cultivation Board, Coconut Research Institute and
Coconut Development Authority.
Few industries have been developed in relation to the coconut tree which can be
categorized in to four main types namely products related to fruit, products related to
coconut flower, products related to coconut trunk and the products related to coconut
leaves. Products related to fruit come with three main sources namely coconut
kernel, coconut husk and coconut shell (An introduction about coconut industry
1997). Copra is a primary product which is produced by drying of coconut kernel.
The name copra has been derived from the Malayalam word kopra for dried coconut.
The drying operation reduces the moisture content in the kernels from around 50% to
6%. The final moisture content of copra should be reduced to at least 7% for
producing good quality coconut oil. Copra can be mainly considered as an
intermediate product of the coconut oil manufacturing process because major portion
of world‟s copra production is utilized for coconut oil production. The copra made
for coconut oil production is called as “Milling copra”. According to the quality of
milling copra they are again classified in to six types in Sri Lanka namely MS1,
MS2, MS3, MO1, MO2 and MO3 (Copra industry in Sri Lanka 1997). Copra is also
produced as “Edible copra” to fulfill the demand of consuming directly as food but
the quantity is much lower than milling copra. In general, edible copra is again
categorized into two types as cup copra and ball copra.
Several methods have been developed for copra making throughout the world.
Among them, kiln drying is the widely used method while sun drying and hot air
drying are also practiced. In 1923, an indirectly heated air dryer called “Chula Dryer”
was introduced in Sri Lanka for manufacturing copra. “Ceylon Copra Kiln” which
was designed by Coconut Research Institute was introduced in 1960s. This dryer was
a direct air heated dryer and was more economical than the previous dryer (Rodrigo,
M. C. P., 1996). Therefore, Ceylon copra kiln has been using vastly not only in large
scale commercial copra manufacturing mills but also some small scale copra
manufactures since 1960 with several developments in time to time. In addition to
this sun during of copra can still be seen in rural areas at domestic level. Most of the
copra mills are situated in coconut triangle area and in the coastal area from
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Negombo to Tangalle (An introduction about coconut industry 1997). The total copra
production of Sri Lanka during past years is given in Table A1 in appendix A.

1.1.3. Introduction to coconut oil
Coconut oil is the oil contained in the coconut kernel. It has been consumed in
tropical countries including Sri Lanka since many centuries mainly as edible oil.
Historical reports indicate that Captain Boid has carried coconut oil which was
extracted using “Chekku” to England in 1820. In those days, there was equipment
called “Paha” in Sri Lanka which was used to extract oil in small scale. In 1835 the
British Ceylon Corporation (BCC) was established to manufacture coconut oil in
large scale (Coconut oil production 1997). However, even today coconut oil industry
is still running as a small scale industry in Sri Lanka.
Two main oil extraction processes are used in industrial scale operations which are
categorized as dry process and wet process according to the form of kernel. . Dry
process is the traditional oil extraction process which uses copra. In the wet process .
oil is extracted using fresh kernel (Fereidoon Shahidi, 2005). In Sri Lanka, dry
process is the most popular method and at present more than 250 oil mills are
registered with CDA (Coconut Development Authority). Many of these oil mills are
also situated within the coconut triangle while few are in coastal area from Negombo
to Tangalle. In some mills, production of both copra and coconut oil is done at the
same place. The size of the kiln depends on the capacity of the mill. Table A1 in
Appendix A shows the coconut oil production in Sri Lanka in recent years.
Coconut oil is used heavily in the food industry. In Sri Lanka it has been extensively
used as cooking oil from the day of its origin. It also has some applications in
medical and pharmaceutical industries. A very common application of coconut oil is
soap and detergent industry in the other applications include glycerol manufacturing,
cosmetic industry, plastic industry, rubber industry, etc. At present it is being tested
for using as bio fuel.
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1.2

Objectives
1. Determination of drying characteristic of copra and its effect on quality of
copra and coconut oil
2. Evaluation of single bed drying and multi bed drying for copra drying

1.3 Justification
In Sri Lanka, the copra drying kilns are made by owners themselves since the design
is not much complicated. In some places, small scale copra manufacturers have their
own designs but these designs are not considerably different to the standard Ceylon
Copra Kiln. Coconut shells are used as the main fuel in all the mills.
Few drawbacks can be identified in the kiln drying process of copra. A major
drawback is the deposition of polycyclic aromatic hydrocarbons (PAH) on the kernel
of copra. In kiln dryers copra is stored in a rack directly over the fire. Therefore PAH
which are produced during the combustion process of coconut shells, contact with
coconut kernels with the smoke and deposits on the kernels. These PAH are
transferred to the coconut oil in the oil extraction process (Roberto, C. Guoarte, et al,
1996). Therefore, the deposition of PAH has been a major concern in kiln drying
since some of the PAH are highly carcinogenic. Furthermore, direct contact of smoke
in kiln dryers seriously affect the color of copra which turns to brown. Therefore,
there is no possibility of making good quality white copra in kiln drying. Brown
colored copra has a low value in the market than white copra. Also brown copra
yield more brownish coconut oil than white copra which again considered as low
quality oil than light color coconut oil.
Few other drawbacks can also be seen in copra industry due to poor operating
practices and also due to inaccurate designing of kilns (Rodrigo, M. C. P., et al,
1996). The Standard Ceylon Copra Kiln has been designed to achieve efficient and
effective heat distribution within the chambers of the kiln which allows producing
good quality copra within shorter drying time. But in some commercial kilns, the
height between the copra platform and the fire pit was less than the recommended
height. This was done by the copra producers intentionally, to catch more heat from
combustion. But, this can cause scorched and dark brown copra unless the burning
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rate adjusted according to the height. On the other hand, copra producers use wider
platforms to lay copra against the recommended area to increase the capacity of the
copra kiln. To compensate this, they use additional number of rows of shells in the
fire pit instead of recommended single row firing. This again results in producing
dark brown copra and also due to poor heat distribution, uneven drying of copra.
Furthermore, the final moisture content of copra of many commercial kilns is not
reduced to the recommended level. This is again done by the producers intentionally
to reduce their drying time and to have higher weight of copra. The high moisture
content provides an ideal medium for bacteria and fungi. This leads to formation of
Aflatoxin which is a cancer- poisonous substance (Krishna Raghavan, 2010).
The bad quality copra always results in bad quality coconut oil. Higher moisture
content of copra causes higher free fatty acid levels in the oil and these free fatty
acids cause rancidity in oil with bad odour. The presence of PAH and Aflatoxin in
the copra can easily be transferred to the coconut oil. The brown color copra always
provides brown colored oil which can be easily adulterated with other low quality
oils. . Further, bad quality coconut oil needs to be processed further to meet quality
requirements. Therefore, the cost of final product becomes higher than typical
coconut oil. As a result, the consumers lose confidence and shift to other oils such as
palm oil. The domestic consumption of other oils has been increased significantly
during the recent past in Sri Lanka (Peiris, T. S. G., n.d.). The variations in oil
consumption are shown in Table A2 in appendix A
These problems can be overcome by designing indirect heated hot air dryers with
good heat distribution. Use of hybrid dryer which consists of a solar collector and a
biomass stove heater is a good alternative for dying copra since utilization of solar
heat reduces the consumption of other energies. Few studies have been carried out
for copra drying with new dryers but still need further analysis on effectiveness of
multi bed drying compared to single drying on final product quality.
1.4 Outline of the Thesis
This thesis is consisted with five chapters. In the first chapter, the research project is
introduced and the research objectives are given with justification.. A literature
review on copra, coconut oil and available drying methods of copra and other food
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has been presented in the second chapter. In the third chapter all the materials used to
conduct the study and the methodology followed to fulfill the research objectives are
described. The results obtained during the current study are presented and discussed
in the fourth chapter. The last and fifth chapter summarizes the conclusions of the
study and future recommendations.
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2. LITERATURE REVIEW
2.1 Copra Drying
2.1.1 Copra
Copra is the dried kernel of coconuts. Generally, fresh coconut kernel contains
approximately 50% moisture. Ideally, the coconut kernel should be dried till the
moisture content reached the equilibrium moisture content of copra to store them
safely. Typically, the equilibrium moisture content for copra is around 6% to 7% in
tropical countries (Krishna Raghavan, 2010). Therefore, well dried copra contains
moisture around 6% to 7%. The high moisture content and presence of protein and
sugar makes the fresh coconut kernel an ideal medium for the development of
bacteria and fungi. But at a moisture content is around 6%, mold growth in copra is
inhibited (Fereidoon Shahidi, 2005). To prepare copra, the coconuts are first splitted
into halves and dried by using a drying method. When the nuts are partially dried, the
kernel shrinks away from the shell allowing the kernel to be removed easily. To
prepare good quality copra, matured coconuts are used after seasoning for at least
three weeks.
The copra is categorized by considering few factors related to copra. In most
occasions the moisture content, oil content, free fatty acid content, color of meat,
wrinkled cups, foreign matters content and presence of Aflatoxin related moulds are
considered for the categorization. Methods of categories are different from country to
country. The copra is basically categorized as milling copra and edible copra. But in
Sri Lanka, the production of edible copra is very low. Therefore, the categorization
mainly is done on milling copra. Milling copra is categorized into three main types
namely white copra, milling superior (MS) copra and milling ordinary (MO) copra.
The milling superior and the milling ordinary copra are further categorized into
seven sub groups; MS1 to MS3 and MO1 to MO4 (Copra industry in Sri Lanka
1997). The moisture content, oil content and percentage of mouldy cups are
considered in categorizing the MS and MO copra. But, according to Asian Pacific
Coconut Community (APCC) there are three categories of copra namely grade A,
grade B and grade C (APCC quality standards for copra).
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Drying of copra into a safer moisture level is always a vital requirement because
higher moisture contents of copra support the formation of Aflatoxin in copra
(Roberto, C. Guarte, et al 1996). Aflatoxins, are a group of toxic chemicals produced
by the Aspergillus mould, particularly Aspergillus flavus and Aspergillus parasiticus.
Although groundnut and maize are most susceptible to Aflatoxin contamination,
copra, cottonseed and cassava are contaminated to lower levels. Aflatoxins found in
these have been named B1, B2, and G1 and G2. Aflatoxin B1, which is the most
abundant, is extremely poisonous and is a very powerful carcinogenic chemical. It
caused liver cancer in all test animals and is almost certainly one of the causes of
cancer in humans. Young and males are at greater risk with Aflatoxins. Higher
concentrations of Aflatoxins can cause death while lower levels of Aflatoxins cause
stunted growth and poor feed efficiency. Recent work undertaken in the Philippines
by the Natural Resources Institute of UK found that the safe moisture level for
hot‐air dried copra is below 8%, and for smoke dried copra it is below 11%. The
higher tolerable level of moisture for smoke dried copra is due to smoke particles
inhibiting mould growth, as in smoked meat or fish (Krishna Raghavan, 2010).
Samarajeewa, U. and Gamage, T. V. (1983) pointed out that a mean level of 50 ppb
of Aflatoxin B1 was recorded from the coconut oil samples collected during wet and
dry seasons in Sri Lanka. They also recorded detecting of a mean level of 186 ppb of
Aflatoxin B1 in the coconut oil produced in small scale oil mills. Therefore, the
reduction of the moisture content of copra is really important to avoid health hazards
related with Aflatoxin.
A major drawback of smoke dried food is the deposition of polycyclic aromatic
hydrocarbons (PAH) of which some PAH are highly carcinogenic. PAH are
produced during combustion and pyrolysis of organic molecules. PAH may be
absorbed by food from the smoke during processing or produced in the food itself at
higher heat levels (Wijerathna, M. C. P., 1996). But in copra, the only possible
mechanism is the absorption from smoke as the copra itself is not heated to higher
temperatures during drying. The PAH can be categorized in to two groups by
considering their carcinogenity strength as light PAH and heavy PAH where light
PAH contains non-carcinogenic compounds; Fluoranthene, Pyrene and Benzo[a]
anthracene. The heavy PAH include Benzo[b]fluoranthene, Benzo[k]fluoranthene,
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Benzo[a]pyrene, Dibenzo[a,h]anthracene and Benzo[g.h.i]-perylene. It has found that
the PAH concentration of commercial copra in Sri Lanka is around 100 g/kg with
heavy PAH around 5% from the total PAH (Wijerathna, M. C. P., 1996).
2.1.2 Principles of copra making
Copra drying depends on number of factors. They are related to environmental
conditions, physical properties of copra, and the drying principles used. The most
important factors affecting the performance of a copra dryer can be analyzed under
three main sections (Krishna Raghavan, 2010).
• Properties of the product (size, age, initial moisture content)
• Drying management (nuts arrangement, bed depth, pile height, thermal efficiency
of the dryer, time lag from splitting to start of drying)
• Physical properties of the drying air (humidity, temperature and velocity)
This long list of factors may have varying degrees of influence on the drying process
and also, not all factors have equal influence on drying of copra. Therefore, it is
important to know the effect of each of the factors on drying for designing an
efficient copra dryer.
Among all of these factors, the rate of drying depends mainly on the temperature of
the drying air. Thus, several studies have been carried out to find the optimum
temperature for drying copra. Krishna Raghavan (2010) described that high drying
air temperatures will increase the rate of drying, but at the expense of quality. He
recommended a two stage drying process with initial drying at high temperature
followed by a period of lower temperature drying. Drying copra at high temperatures
for a long time may cause case hardening. Case hardening refers to the formation of
a hard outer layer which restricts the passage of moisture movement from the interior
to the surface (Roberto, C. Guoarte, et al, 1996). Satter, M. A. (2003) also
recommended to maintain three different temperature levels High (70 – 85 ºC),
Medium (55 – 70 ºC) and Low (40 – 55 ºC). Thiruchelwam Thanaraj, et al (2007)
described the importance of maintaining an optimum temperature of 60

to avoid

case hardening and burnt patches due to high temperatures and to avoid mould
growth and extended drying time due to lower temperatures. Roberto, C. Guoarte, et
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al (1996) used much higher temperatures (90 ºC) than the others but they failed to
produce white copra.
Relative humidity of air also affects the drying rate of copra but the effect is not as
considerable as temperature. The effect of air velocity on drying was also discussed
by many researches. Roberto, C. Guoarte, et al (1996) recommended an air velocity
of 0.5 ms-1 for industrial scale copra drying while Mohanraj, M. and Chandrasekar,
P. (2008) reported that the optimum velocity for copra drying was 1.2 ms-1. But,
according to Satter, M. A. (2003) air velocity has the least effect on drying as the
moisture within the kernel takes relatively long time to reach the surface before being
picked up by unsaturated hot air.
Krishna Raghavan (2010) described some other properties which can affect the
drying process of copra. The average diameter of nuts of different varieties may vary
from 10 to 20 cm. The higher the differences in diameter in a batch and/or the higher
the percentage of overlapped nuts the percentage of wet copra becomes high.. Young
nuts (less than 11 months old) are more difficult to dry than older mature nuts (13 to
14 months old). If the nuts are not properly drained after splitting and/or if splitting
and loading are done on a rainy day, more water has to be evaporated. In this case the
drying time has to be extended and this results a lower drying efficiency.
Arrangement of nuts is also discussed by Krishna Raghavan (2010). The general
practice is to arrange the nuts in a dryer with the first (lowest) layer facing up and all
other layers facing down or all the layers are facing down. However, drying trials in
Philippines have shown that the arrangement of the nuts does not significantly affect
the quality of copra. This was confirmed by Roberto, C. Guoarte, et al (1996) in their
study. In Sri Lanka the copra is usually arranged in a way that all the layers are
facing down. Arranging nuts requires an additional four hours per 2000 nuts. The bed
height of copra also affects the drying process. The higher the pile of copra, the more
difficult is the drying air to pass through the nuts. This will be resulted in the bottom
layer getting over‐ dried while the top layer still having high moisture content. This
is usually taken care of by shuffling the layers at least once during the drying
process; the top layer is placed at the bottom, and the bottom layer is taken to the top.
Recommendations for the optimum bed height vary from 20 ‐ 50 cm (Krishna
Raghavan, 2010).

10

The effect of particle size of coconut kernel for drying was tested by Satter, M.A.
(2003). Thinner slices may dry faster because of greater surface area being exposed
to heat, but drying with thinner slices is not practicable as they involve greater cost,
due to higher drying time and loss of oil content during storage.
2.1.3 Copra drying methods
Several methods are used for drying copra throughout the world. Those can be
categorized in to five main types: natural drying, direct heat smoke drying, direct
heat smokeless drying, indirect heat natural draft hot air drying, and indirect heat
forced draft hot air drying (Satter M. A., 2001).
2.1.3.1 Natural drying
Natural drying involves the use of direct heat from sun in open areas. It is the
simplest and cheapest method, but is heavily dependent on climatic conditions. Sun
drying takes about 7 days to reduce the moisture content of copra to around 10%.
However if rains during this period the copra will be contaminated with fungi which
produce a grey rancid product. Furthermore sun drying requires more space, is labour
intensive and there can be deteriorations in quality in open sun drying from deposits
of dirt and dust (Mohanaraj, M. and Chandrasekar, P., 2008). However, sun drying
produces more white copra than direct dryers and it is more suitable for small holders
who are living in the areas with high solar radiation and having long sunny days
(Thiruchelvam Thanaraj et al, 2007).
Solar drying is an advance method of sun drying. Solar dryers make use of the
“greenhouse effect” in which solar heat is trapped inside a transparent enclosure.
Solar dryers can generate higher air temperatures at a lower relative humidity, than
sun drying, thereby improving the drying rates and enabling lower final moisture
contents. In addition, the negative effects of rainfall, insects, dust and molds on the
quality of copra can be minimized (Krishna Raghavan, 2010). Ayyappan, S. and
Mayilsamy, K. (2010) developed a solar tunnel dryer to dry copra. The moisture
content of copra was reduced from 52.2 % to 8 % within 57 hours with a thermal
efficiency of dryer about 20 %.
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2.1.3.2 Direct heat - smoke drying
The direct heat smoke drying involves the use of traditional fuels such as firewood,
copra husks and shells. The copra bed is placed on a wire mesh directly above the
heat source. The combustion products pass through the copra bed, and remove the
free moisture on the copra surface. Although the efficiency of drying is considerably
higher than that of natural drying, this method leads to poor quality copra due to bad
color and scorching. Some advantages of these dryers are higher thermal efficiency,
low cost of construction and fuel and simplicity of design (Satter M. A., 2001).
Krishna Raghavan (2010) described about a direct smoke dryer called “Tapahan”
dryer which is used commonly in Philippine. The final moisture content of 10% was
recorded in that dryer after 20 hours of operation with around 12 % thermal
efficiency. But, the Copra produced from this dryer was dark, sooty with smoke and
at times scorched. Furthermore, more scorched copra was found in the bottom layer
and the middle layer was better in color. But parts of the top layer were remained as
wet nuts.
Ceylon copra dryer is an advanced version of direct smoke dryers. It uses coconut
shells as the only fuel with proper height between copra bed and burning fuel. In
Ceylon dryers, drying operation is carried out with a series of heating and cooling
cycles in the dryer. Loading to the dryer was done after sun drying the coconut
halves for about 6 hours. Ideally, seven heating and cooling cycles should be
completed to reduce the moisture content of copra to 6% (Copra industry in Sri
Lanka 1997). Cooling cycle is executed to avoid case hardening effect due to high
temperature drying for long time. But, the PAH problem and the brown color copra
are still remains as shortcomings.
2.1.3.3 Direct heat - smokeless drying
These dryers are also called as semi-direct copra dryers. The design of semi‐direct
dryer is superior to the direct type because it retains the best features of the direct
dryer while producing copra of a much better quality. This is because the hearth
where fuel feeding is done is located on one side of the dryer, connected to the
drying bed by a tunnel‐like flue. Generally, the combustion pit is located about one
meter away from the drying bed. The hot combustion product is directed to the
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drying bed via an underground tunnel that can be made by using empty oil drums.
The excavation pit is roughly 4m long, 2m wide and 1m deep. The pit floor of the
firing chamber is slightly inclined upward toward the end portion, which is designed
to direct the flow of heated air. Dry coconut husks are mainly used as fuel. It has a
capacity of 2,000 nuts which are dried after 20 to 25 drying hours with resultant final
moisture of 6 %. Simple structural design and operation, low cost, easy to build with
materials locally available are few advantages of these dryers. It is socially and
economically ideal for small coconut farmers (Krishna Raghavan, 2010).

2.1.3.4 Hot air drying - indirect heat natural draft
The indirect heat natural draft hot air drying involves the use of a heat exchanger.
The products of combustion do not come in contact with the copra. The heat
exchanger heats clean air that then passes through the copra bed by natural
convection. In the process, the hot air removes the copra moisture (Satter M. A.,
2001). The main advantage of hot‐air dryers is their ability to produce high quality,
clean and white copra without PAH problems.
Modified Kukum hot‐air dryer is an indirect natural draught dryer that can dry
around 2000 nuts of average size. Its heat exchanger is made up of three standard
200 liter oil drums welded together with five semi‐circular baffles installed
alternately inside the drums. Flue gas is allowed to flow through chimney after
passing metal drums. The copra bed is placed over the metal drums and air gets
heated when passing through the drums. Hot air is then allowed to pass through the
copra bed. A thermal efficiency of 12.7 % was recorded in this dryer (Krishna
Raghavan, 2010).
The Samoan kiln is an example of a dryer that uses the indirect heat natural draft
principle. Combustion takes place in metal tubes or drums that act as a heat
exchanger. Clean hot air rises from the tubes and passes naturally through a copra
bed. Firewood, coconut husks and shells can be used as fuels. The thermal efficiency
of Samoan dryers could be as low as 5% (Satter M. A., 2001).
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2.1.3.5 Hot air drying - indirect heat forced draft
The indirect heat forced draft hot air drying uses the same principle as the natural
draft drying, except that a device like fan or blower is used to force hot air through
the copra bed. This method is also more efficient with reduced drying time cycle. It
is the most expensive drying method with a relatively large initial capital. This type
of dryers is hard to find in large scale copra drying. The operating cost of air
circulation equipments has been a concern for rural farmers and that has made low
popularity of these forced draft dryers.
Mohanaraj, M. and Chandrasekar, P., (2008) developed a forced draft dryer that use
solar energy to produce copra. The dryer consisted with solar collector and drying
chamber and the solar collector was made with a copper absorber plate. The cost of
dryer including insulations was considerably high when comparing with traditional
dryers. One horse power blower is used to circulate air through the drying chamber.
The capacity of the dryer is 60 kg which is comparatively low with other copra
dryers. But the quality of copra was high compared to traditional dryers.
2.2 Coconut Oil
2.2.1 Introduction to coconut oil
Coconut oil is edible oil that has been consumed in tropical countries for thousands
of years. CNO is classified under the lauric acid group of plant oils, and over 90% of
its fatty acids are saturated. It has the lowest percentage of unsaturated fatty acids
(oleic, linoleic and linolenic) with reported range of values from 3.7% to 8.3%
compared to palm, peanut, corn, soybean and linseed oils which contain 53, 82, 83.6,
86.1 and 90.5%, respectively (Roberto, C. Guoarte, et al, 1996). Coconut oil contains
a high proportion of glycerides of lower chain fatty acids known as medium chain
fatty acids (MCFAs). The chemical composition of coconut oil is given in Table 2.1.
The oil is highly stable towards atmospheric oxidation. The oil is characterized by a
low iodine value, high saponification value, and high saturated fatty acids content
and is a liquid at room temperatures of 27 °C.
In Sri Lanka, coconut oil is basically categorized into two types, namely edible type
oil and non edible type coconut oil. Edible type oil is again classified in to six types
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called refined bleached and deodorized (RBD) oil, refined and bleached (RB) oil,
white coconut oil, coconut oil, paring oil and virgin oil.

Table 2.1 Chemical composition of coconut oil (Krishna Raghavan, 2010)
Fraction
Chemical
Systematic
Component
Acronymb
a
%
Formula
name
Lauric acid

51.0

CH3(CH2)10COOH

Myristic acid

18.5

CH3(CH2)12COOH

Caprilic acid

9.5

CH3(CH2)6COOH

Palmitic acid

7.5

CH3(CH2)14COOH

Oleic acid
acid

5.0

CH3(CH2)7CH =
CH3(CH2)7COOH

Capric acid

4.5

CH3(CH2)8COOH

Stearic acid

3.0

CH3(CH2)16COOH

Linoleic acid

CH3(CH2)4CH =
1.0

CHCH2CH=
CH(CH2)7COOH

Dodecanoic acid
Tetradecanoic
acid
Octanoic acid
Hexadecanoic
acid

12:0
14:0
8:0
16:0

9Z‐Octadecenoic

18:1

Decanoic acid

10:0

Octadecanoic
acid

18:0

9Z,12Z‐
Octadecadienoic

18:2

acid

Note: a) Z denotes cis configuration; b) The numbers denote the number of carbon
2.2.2.1and
Drydouble
Process
atoms
bonds in one molecule. For example, in oleic acid, 18:1 indicates
The each
dry process
involves
mechanical
extraction
of oil
crushers
expellers with
that
molecule
contains
eighteen carbon
atoms
andinone
doubleorbond.

2.2.2 Production methods of coconut oil
The oil can be extracted from both wet and dry coconut (copra). According to the
raw material the production process is named as dry process or wet process.
However, in India and Sri Lanka, it is a general practice to use only copra for oil
extraction and the oil is used for food and cosmetic purposes. In Philippines, the oil
is extracted from wet coconut also and is known as virgin coconut oil. Solvent
extraction of the dry coconut followed by refining, bleaching and deodorization is
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also carried out to get the refined bleached and deodorized coconut oil by large scale
manufacturers. The technology for the production of coconut oil through expellers is
well developed and many medium scale industries in India produce oil by this
method. However, some small scale industries produce the oil by processing fresh
coconut also using local expeller press. Problems of sediments and rancidity persist
in these oils (Gopala Krishna, A.G. et al, 2010).

2.2.2.2 Dry process
The dry process involves mechanical extraction of oil in crushers or expellers with
copra as feedstock. Mechanical extraction may be supplemented with a secondary
extraction, using solvents, to recover residual oil from the meal. In industrial scale,
copra with 7%–12% moisture content is conveyed to an automatic scale, passes
through a magnetic chamber for the removal of tramp iron, and is ground to a
particle size of approximately 0.3 cm in diameter. The particles are flaked to
facilitate exposure of a large surface area. The flakes are cooked and conditioned for
20 min at 115 ºC in horizontal cookers. Residual moisture is brought down to 3%
while fat cells of the conditioned copra flakes are ruptured and phosphatides are
precipitated. The sized, cooked, and conditioned flakes are fed to the crushers where
a continuous squeezing action extracts the oil. Extraction characteristic follows a
smooth diminishing curve with most of the oil drained at the inlet section of the
barrel cage and tapers off toward the exit. The resulting copra meal has a typical
residual oil content of around 7%. Sustained optimum expeller efficiency requires
cooking and conditioning of copra flakes to be controlled between 91 ºC and 93 ºC
under an appropriate residence time to reduce moisture content between 3% and 4%.
Flakes conditioned below 91

with residual moisture above 4% have lower oil yield

while flakes conditioned above 93 ºC with residual moisture below 3% would yield
dark-colored oils and charred meal with the consequent disadvantage of poor oil
extractability. Screened and settled fines should not exceed 10% of fresh feedstock to
prevent the formation of abrasive particles during the cooking/conditioning stage.
The oil from the expellers passes to a screening and settling tank to initiate the
separation of fines, which are recycled with fresh feedstock to the system. In some
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production plants, 10 kg of bleaching earth is mixed to each ton of supernatant oil,
and passage through a polishing filter to obtain clear oil ready for storage or further
processing. Solvent extraction is done in some places to recover residual oil in the
copra meal (Fereidoon Shahidi, 2005).

2.2.2.2 Wet process
In the wet process, coconut oil is produced by two ways called fermentation method
and centrifugation method (Gopala Krishna, A.G. et al, 2010). In the centrifugation
method, dehusked mature nuts are shelled to separate the kernels, followed by paring
to remove the testa. The testa is set aside for the extraction of paring oil, a byproduct.
The pared kernels are finely comminuted through a wedge and die plate mill and
through a roller mill. The comminuted mass is passed through a screw press, which
expels the coconut milk. The milk is filtered through a screen conveyor. The cream
that is separated from the milk by centrifugation is heated to reduce its moisture
content. By further centrifugation, oil is separated. Trace moisture in the oil is
reduced to 0.1–0.2% level by atmospheric heating. A typical yield of 6.8 tons of
natural coconut oil is extracted from 25 tons of fresh kernel (Fereidoon Shahidi,
2005). Oil production by fermentation method is the traditional wet process. In that
method coconut milk expelled from freshly harvested coconuts is fermented for 2436 hours, and during this period, the oil phase gets separated from aqueous phase.
Further, the resulting wet oil is slightly heated for a short time to remove the
moisture and finally filtered. The main disadvantages of this process are low oil
recovery and fermented odor, which masks the characteristic coconut flavor of the oil
(Gopala Krishna, A.G. et al, 2010). The oil produced by using a wet process is
classified as the virgin oil, since it does not contain pairing oil and no involvement of
smoked copra for oil production.

2.2.3 Refining of coconut oil
Few post production steps are followed to make the product suitable for human
consumption and improve product shelf life. The process is called as the refining of
coconut oil and the final product is called as RBD oil. Fereidoon Shahidi (2005)
described about coconut oil refining methods used in the industry. Refining consists
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with series of steps for the removal of impurities such as fatty acids, phosphatides,
metal ions, color bodies, oxidation products, solid particles, and volatiles that include
objectionable odors. Coconut oil is refined by two methods namely chemical refining
and physical refining.
In chemical refining, the neutralization of free fatty acids is performed with dilute
sodium hydroxide solution as the first step. After the neutralization, the oil is
bleached. Color bodies in the oil are adsorbed on the surface of the bleaching clay
and activated carbon particles. Deodorization is the last step in chemical refining.
Volatile odoriferous substances, including low-molecular-weight fatty acids, are
removed by stripping with steam under reduced pressure. The loss of oil during the
chemical refining is higher than the physical refining. Further, environmental
problems, cost of installation and energy consumption are also higher in chemical
refining. Therefore, coconut oil producers have more interest to the physical refining
process over chemical refining process. Coconut oil is continuously heated to 80

–

90 , and dilute phosphoric acid is dispersed in the oil via an in-line static mixer
during the first step in the physical reefing. The step is called as degumming. After
the degumming, the oil is bleached. While bleaching, the oil is pumped to a slurry
tank passing through a pre-heater at a temperature of 90 ºC – 95 ºC. The oil, dried
and deaerated under vacuum, receives a predetermined dose of bleaching earth–
activated carbon (10: 1 ratio), agitated for 20–30 min for the removal of color bodies
and other adsorbable impurities. The bleached oil is filtered through a plate and
frame filter press and further purified in drum-type polishing filters. Finally, steam
stripping and deodorization is done. The degummed and bleached oil is deaerated
and heated to 24 C as it passes through economizers and thermal oil heating units.
The hot oil cascades down the stripping column operating under a reduced pressure
of 600–1000 Pa pulled by four-stage steam ejectors. The oil is met by sparging steam
injected at the bottom of the column.
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2.2.4 Uses of coconut oil
In coconut-producing countries, coconut oil is used extensively as frying oil.
Physical blends and interesterified mixtures of coconut oil and hydrogenated palm oil
are processed into margarines and shortenings. Coconut jam, a syrupy emulsion
derived from coconut cream in cane sugar, is consumed as dessert, bread spread, and
rice cake topping. Filled milk, in liquid or powder form, contains coconut oil (in lieu
of butter fat) and a polyunsaturated oil emulsified in skim milk. As spray oil for
crackers and cookies, coconut oil improves shelf life of these products because of its
resistance to oxidative rancidity. Coconut oil is widely used as cream fat and as a
component in biscuit cream and confectionery oil (Fereidoon Shahidi, 2005).
The medium chain glycerides of coconut oil are used for medical uses (Roberto, C.
Guoarte, et al, 1996). Applications of coconut oil can be seen in cosmetic industries.
Specially, the virgin oil is used vastly in cosmetic industry because it is colorless
(Gopala Krishna, A.G. et al, 2010). A commonly used nonfood product derived from
coconut oil is soap. Laundry bar soaps made by boiled or cold procedures have
excellent lathering property even in moderately hard water. A blend of tallow–
coconut oil in ratios from 67: 33 to 85: 15 forms a good fat charge for toilet soaps.
Soap from such blends exhibit desirable characteristics related to lather quickness,
low mechanical erosion, and absence of swelling or cracking of soap bars. One of the
major uses of acid oil from soap stock and the distillates from physical refining is in
the manufacture of animal feeds. The fatty components increase the caloric density
of the feed. Derivatives of fatty acid from coconut oil are feedstock for a number of
diverse nonfood products. Coconut oil fatty acids and glycerol are released by
hydrolysis or alcoholysis of the fat. The fatty acids or their methyl esters, which are
subsequently fractionated, constitute the starting materials for the oleochemical
industry. The byproduct, glycerol, is purified by vacuum distillation. The purified
product is, among others, a component of pharmaceutical preparations, an important
ingredient in toothpastes, a raw material in the manufacture of nitroglycerol, and the
fluid in hydraulic jacks and shock absorbers (Fereidoon Shahidi, 2005).
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2.2.5 Properties of coconut oil
Few quality parameters are tested to identify the quality of coconut oil. Those
properties are mainly, determined by the tests carried out in a laboratory. The
parameters tested are varied by country to country. In Sri Lanka, free fatty acid
(FFA) content, Iodine value, Saponification value, Peroxide value, Refractive Index,
Relative Density, Color, Moisture, Mineral acidity, Unsaponifiable matter and
Insoluble impurities of coconut oil are tested to check whether quality of oil matches
with SLS 313 standards. The required level of each property is shown in Table B1 in
Appendix B.
From amongst those properties free fatty acid (FFA) content, Iodine value,
Saponification value and color of oil are mostly tested to identify the quality of
coconut oil.

2.3 Copra and Quality of Coconut Oil
The quality of coconut oil is always affected by the quality of copra. To produce
good quality coconut oil, the copra should have minimum moisture content, less
color and less impurities and should not have harmful chemicals like PAH or
Aflatoxin. Higher moisture in copra increases FFA in oil and decreases the oil
recovery and causes rancidity in oil immediately. Also it increases the refining cost
of RBD coconut oil. Furthermore, the Aflatoxin and the PAH presence in copra can
be transferred to the coconut oil (Roberto, C. Guoarte, et al, 1996). Additionally, the
color of coconut oil is hugely affected by color of copra. Therefore, brown copra
made by direct dryers always yield brown coconut oil. The oil extracted from poorquality copra also requires additional refinement to meet international standards.
2.4

Solar Drying

The potential of using solar energy in the human activities has increased due to
increase in the price of conventional fuels, environmental concerns and expected
depletion of conventional energy resources. Solar assisted drying system is one of the
most attractive and promising solution for tropical and subtropical countries to fulfill
their energy requirements at low cost or zero cost. Hence, solar energy is an excellent
solution to the drying processes.
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Solar drying applications can be seen vastly in food drying sector. Basically those
drying methods can be categorized according to their mode of utilization of solar
heat and the way of air circulation (Ekechukwua, O.V. and Norton, B., 1999). Solar
dryers are divided into three categories namely integral-type solar dryers, distributedtype solar dryers and mixed-mode solar dryers according to the mode of utilization of
solar heat. By considering the way of air circulation, solar dryers can again be
classified into two categories called active solar drying systems and passive solar
drying systems. This classification is illustrated in Figure B1 of Appendix B.
A solar dryer is basically consisted with a solar collector to absorb solar heat and a
drying chamber to facilitate the storage of material to be dried. In active solar dryers,
a device which can induce air flow is used to circulate air through the drying
material. The main component of a solar drying system is the solar collector since it
is the unit that absorbs solar heat. Therefore, the design of the solar collector is a
vital step of any drying system which uses solar energy. Improvement of the design
of collectors would always lead to better performance of the drying system (Karim,
M.A.and. Hawlader, M.N.A., 2004).
Few factors should be considered when designing a solar air collector. The main
features of the absorber plate are material, area and thickness. Material with higher
thermal conductivity absorbs more solar energy and higher area and thickness always
increases the heat capacity of the absorber. But, the cost of absorber always increases
with higher thermal conductive materials and higher area and thickness for a given
material. Thus, the material, dimension and thickness should be decided with the
initial cost of the absorber.
For a given material, there is an optimum angle of slope for the collector as a
function of the local latitude (Ekechukwua, O.V. and Norton, B., 1999). Figure 2.1
shows the optimum slope as a function of latitude. If the latitude of a location is less
than 20, a small slope angle is sufficient to permit rainwater runoff. The optimum
angle helps to absorb maximum solar radiation for a given location.
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Angle of collector from horizontal (degrees)

Latitude (Degrees)
Figure 2.1 Optimum tilt angle of a solar
collector (Ekechukwua, O.V. and Norton, B., 1999)
The solar collector should be insulated well to keep the temperature at higher level
inside the collector. Different types of insulation materials were used in previous
studies.

MUMBA, J. (1995) has used plywood pockets filled with dry wood

shavings. Lyes Bennamoun and Azeddine Belhamri (2003) also used wood shaving
as insulation material. Rock wool was used by Khalil E.J. et al (2007) as the
insulation medium. A solar collector was insulated with polystyrene plate by
Shanmugama,V. and Natarajan, E. (2006). The most widely applied insulation
material was glass wool. Sarsavadia, P.N. (2007) and Mohanraj, M. and
Chandrasekar, P. (2008) had used glass wool insulation. Moreover, painting absorber
plate with dull black color increases the heat absorbance of the absorber plate.
In most solar collectors, air is used as the heat transfer medium to transfer the heat to
the drying material. Air type solar collectors have two inherent disadvantages which
are low thermal capacity of air and low absorber to air heat transfer coefficient.
Hence different modifications are suggested and applied to improve the heat transfer
coefficient between the absorber plate and air. These modifications include the use of
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an absorber with attached fins, corrugated absorber and matrix type absorber. It was
reported that higher efficiency could be achieved with v-groove and finned collectors
than flat plate collectors without significantly increasing pressure drop. But in the
matrix collectors, higher efficiency was associated with increased pressure drop
across the matrix (Karim, M.A. and Hawlader, M.N.A., 2004). Ebru Kavak Akpinar
and Fatih Koçyigit (2010) found that the collector efficiency can be increased by
adding the obstacles to the collector. The higher efficiency was attributed to the
extension of flow line, creation of the turbulence and reduction of the dead zones in
the collector due to obstacles.
In addition to these modifications to the absorber plate, more advancement to the
collector can be done by keeping thermal storage in contacting with absorber plate.
Generally, low conductive materials like sand and gravel are used to make thermal
storage since they can store the heat some longer time. The stored heat would be
absorbed by the collector during off sunshine periods. Mohanraj, M. and
Chandrasekar, P. (2008) used sand as a thermal storage for their solar collector.

2.5 Hybrid Dryers
Madhlopa, A. and Ngwalo, G. (2007) developed a solar dryer with biomass heater to
dry pineapple. The major components of the dryer were biomass burner, collector storage thermal mass and drying chamber with a conventional solar chimney. They
fabricated the dryer using simple materials, tools and skills, and it was tested in three
modes of operation (solar, biomass and solar–biomass) by drying twelve batches of
fresh pineapple with each batch weighing about 20 kg. They reported that the solar
mode of operation was slowest in drying the samples, with the solar–biomass mode
being fastest under the prevailing meteorological conditions. Drying process has
been proceeded successfully even under very bad weather conditions in the solar–
biomass mode of operation. They have achieved dryer efficiencies of 15%, 11% and
13% for solar, biomass and solar–biomass modes of operation respectively.
Amer, B.M.A. et al (2010) designed and fabricated a hybrid solar with solar
collector, reflector, heat exchanger, heat storage unit and drying chamber. The dryer
was operated during normal sunny days as a solar dryer, and during cloudy day as a
hybrid solar dryer. The heat storage unit was 500 liter water tank. The water was
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circulated through the copper tubes of heat exchanger and heated by using the solar
heat during sunny days and by using electrical heater during cloudy days. Drying
was also carried out at night with stored heat energy in water. The capacity of the
dryer was to dry about 30 kg of banana slices in 8 hours in sunny day from an initial
moisture content of 82% to the final moisture content of 18% (wet basis). Within a
similar time period, open sun drying method could only reduce the moisture content
up to 62% (wet basis)..
Hybrid dryer consisted with solar collector and electrical heating system was tested
by Ferreiraa, A. G. et al (2007) for dying banana. Electrical heating system was
composed of 20 incandescent lamps of 100 W each. The moisture content of bananas
reached 20% (wet basis) from an initial value of 69% (wet basis) within 4 hours.
Comparatively the open sun drying could not achieve this final moisture level even
after 10 hours of drying time the faster drying of bananas inside the hybrid dryer was
due to the higher volume flow and temperatures and the absorption of radiation by
the slices of banana emitted from the auxiliary system lamps.
S. Kumar (1999) has designed and fabricated a solar-biomass hybrid tunnel dryer. A
biomass stove-heat exchanger chimney using briquetted rice husk as fuel
complemented the solar tunnel dryer and thus extended the working time of the
dryer. Experiments have been conducted for drying of chili and mushroom to test the
performance of the dryer. Fresh chili with an initial moisture content of 76% (wet
basis) was dried to a final moisture content of 6.6% (wet basis) within 12 hours.
Similarly, the moisture content of 21kg of freshly harvested mushroom was reduced
from 91.4% to 9.8% during 12 hours of drying. These results indicated that for both
products, drying was faster in hybrid operation. Drying in the hybrid was completed
within 12 hours compared to 2-3 days in „solar-only‟ operation of a tunnel dryer and
3-5 days in open sun drying.
A solar-biomass hybrid dryer was developed and tested by Arnold, R. Elepano, and
Karen, T. Satairapan, (2001). The dryer was composed with a drying chamber,
biomass-stove, and solar collector. The dryer capacity was 50 kg of sliced pineapple
fruits per batch. With drying air temperature at 60 °C, pineapple from an initial
moisture content of 85% (wet basis) could be dried to a final moisture content of
20% (wet basis). The total time required was about 18 hours with a consumption rate
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of fuel of 2.0 kg per hour of coconut shell/ wood charcoal. Preliminary quality
evaluation indicated positive acceptance of the dehydrated pineapple by this method.
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3. MATERIALS AND METHODOLOGY
3.1 Work Plan
The research study was completed in three steps. A hybrid dryer was designed and
fabricated in the first step. During the second step, three copra drying experiments
were carried out by using the hybrid dryer and one experiment was carried out in a
kiln dryer.

Furthermore, copra drying characteristics were investigated and the

evaluation of quality for copra was done. Finally, oil was extracted from dried copra
in each experiment and the quality of coconut oil was tested by measuring
physicochemical properties.
3.2 Equipments and Experimental Setup
3.2.1 Hybrid dryer
A solar-biomass hybrid dryer was designed and fabricated to carry out copra drying
experiments. It was consisted with solar collector, biomass stove - heat exchanger
and drying chamber. A pictorial view of the complete hybrid dryer is shown in the
figure 3.1.
The drying chamber and the heat exchanger were connected through a 1 hp
centrifugal blower to provide necessary air flow to the drying chamber. The blower
was operated with single phase electricity. The heat exchanger was incorporated with
the solar collector to provide necessary hot air to the drying applications. Heated air
by the solar collector was further heated by stove-heat exchanger to the required
temperature prior to send into the drying chamber. A gate valve which was fixed at
the outlet of heat exchanger was used to regulate air flow rate through the dryer.
A) Solar collector
A corrugated flat plate solar collector with single glass cover was developed to
preheat air. Figure 3.2 is the pictographic view of the solar collector. A v-corrugated
1mm thick sheet coated with dull black paint was used as the absorber plate of the
solar collector. 12 corrugations were provided to the absorber plate parallel to the
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direction of air flow. The area of the solar collector was 2 m2 with 2 m length and 1
m width. But, the area of the absorber plate was 2.31 m2 due to the corrugations.
3

1. Solar air heater
2. Heat exchanger
3. Drying chamber

2

1

Figure 3.1 Pictorial view of hybrid dryer

The glass cover was made of normal window glass with 5 mm thickness. The
rectangular air gap between glass cover and the absorber plate was kept as 25 mm to
facilitate air flow. Five V-shaped baffles made up of copper were fixed between
glass cover and absorber plate to increase the turbulence of air flow. The 50 mm gap
between the absorber and bottom outer plate was filled with sand to store heat during
night times and to reduce heat loss. The outer box was made by 1 mm thick iron
sheets and the supporting frame and legs were fabricated by L-iron (1.5” x 1.5”). A
glass wool insulation of 25 mm thickness was provided to all outer areas and to the
duct at air outlet. The angle of the solar collector was kept as 10° to the horizontal
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which is considered to be an optimum angle for Sri Lanka. The collector was
oriented to face south to maximize incident solar radiation.

1

2

3

(a)

5
(b)
1. Glass cover 2. Baffles

4
(c)

3. Air inlet

4. Supporting legs

5. Absorber

Figure 3.2 Solar air heater
(a) Front view (b) Air inlet of the heater (c) Side view

28

B) Biomass stove-heat exchanger
The stove of the biomass stove-heat exchanger was consisted with a grate covered by
fire bricks. The primary air inlet was located in the door and secondary air was
allowed to flow through the grate. Primary air supply could be controlled which
subsequently control the flame. The ash generated during the combustion was left to
drop to the bottom of the stove across the grate. This eliminated the accumulation of
ash inside the effective burning area in the stove and hence provided efficient
combustion. The stove is shown in figure 3.3.

4

2

1
3
(a)
1. Fire bricks

(b)
2. Grate
3. Primary air inlet
Figure 3.3 Biomass stove

4. Door

The flue gas produced by the combustion process was then transferred to the heat
exchanger which transfers the heat of the flue gas to the cold air. Therefore an air to
air heat transfer process was accomplished in the heat exchanger. Figure 3.4 is the
pictorial view of the heat exchanger. Since the air to air heat transfer is very low the
retention time of flue gas in the heat exchanger was increased to gain the maximum
heat transfer with minimum loss of heat to the environment. Therefore, the heat
exchanger was designed with three sections; center, middle and outer. With this
arrangement, the heat exchanger was operated as a three pass shell and tube heat
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exchanger. Heat was transferred by radiation in the center section while convective
heat transfer was dominant in other sections. The tube arrangement of the heat
exchanger is shown in figure 3.5. The outer area of the heat exchanger was insulated
by glass wool insulation with thickness of 1 inch.

Figure 3.4 Heat exchanger

C) Drying chamber
A vertical drying chamber (600 x 600 x 1350 mm) was used to store copra in three
compartments through which the hot air was allowed to pass from the bottom
compartment to the top compartment. The chamber was designed to store around 420
coconut halves in three compartments. Drying trays were made by 1 x 1 iron meshes
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and trays could be replaced with desired meshes according to the size of the material
to be dried. A door was provided to each compartment with locking arrangement in
one side for loading and unloading of materials. A trapezoidal plenum chamber was
fixed below the first drying compartment to maintain the proper distribution of air.
The outlet of drying chamber outlet was also fitted with trapezoidal chamber area to
guide the exhaust air properly in to the atmosphere. The outer box of the chamber
was made with 1 mm thick iron sheets and insulated with 25 mm glass wool
insulation.

The supporting frame was made by L-iron (1.5” x 1.5”).

Hollow

Aluminum tubes of diameter 10 mm were inserted through the walls of the chamber
to measure the temperatures in each compartment to put in using glass thermometers.
The drying chamber is shown in figure 3.6.

1

2

3
1. Center section

2. Middle section

3. Outer section

Figure 3.5 Arrangement of tubes in the heat exchanger
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Figure 3.6 Drying Chamber
(a)Front view (b) Side view (c) Air inlet of the heater

3.2.2 Copra drying kiln
A small scale kiln dryer owned by a small scale copra producer was used as a control
experiment. The dimensions of the kiln were 12’ × 12‟ × 5‟. The walls of the kiln
were made up by cement blocks and one wall was made with two openings to supply
fuel and to allow air flow in to the fit. Like in other traditional kilns, coconut shells
were used as the fuel for drying copra. The drying platform was covered with a roof
to maintain better drying conditions even under wet climate. The kiln dryer has the
capacity of producing around 200 kg of copra within 4 days of operation. The kiln is
shown in figure 3.7.
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1. Air inlets and doors
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Figure 3.7 Kiln dryer

3.2.3 Oil extraction equipments
A mini expeller (Figure 3.8) which was available with a copra producer was used to
mechanically extract coconut oil from copra. The expeller (called „Udaya”) was
manufactured in the Sri Lanka by a local manufacturer. The extracted oil was then
tested for physico-chemical properties. Since the yield from mechanical extraction
was varied with processing parameters, the method of solvent extraction was used to
find the oil yield. Figure 3.9 shows the soxhelt extraction unit which was used for oil
extraction.

Figure 3.8 Coconut oil expeller
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Figure 3.9 Soxhelt extraction unit

3.3 Raw Material
Coconuts which were seasoned for more than three weeks were used in drying
experiments. The coconuts were dehusked, splitted and then the coconut water was
completely removed before loading to the drying chamber. A picture of seasoned
coconuts prior to dehusking is shown in Figure 3.10.
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Figure 3.10 Seasoned coconuts

3.4 Experiments
3.4.1 No load experiments
Four no-load tests were carried out to examine the performance of the hybrid dryer.
In the first two tests the solar collector was tested with natural convection mode and
forced convection mode. In both tests, the outlet temperature of the solar collector
was recorded with the respective Lux values measured by a Testo 545 Lux meter by
at 5 minutes time intervals. A description of the Lux meter is given in Appendix C.
The next set of experiments were designed to find the biomass feeding rate to the
stove in order to keep the outlet temperature of the heat exchanger at 60 ºC, 70 ºC
and 80 ºC with and without preheating of air by solar collector. The stove was fired
for at least one hour before the measurements were taken in order to allow the shell
and tubes of the heat exchanger reach steady state.
3.4.2 Copra drying experiments
Four different drying experiments namely experiment 1 to 4 were conducted to test
the drying characteristics of copra. The first three were carried out using the hybrid
dryer and the final one was carried out in the traditional kiln dryer.

35

A) Experiment 1
This experiment was done to test multi bed drying characteristics of copra. Coconut
halves were loaded to drying the chamber 120 halves in each compartment. The heat
exchanger outlet temperature was maintained within the temperature range of 75 ºC
to 90 ºC during the initial drying stages and it was then maintained around 70 ºC
during final stages of drying. After 23 hours of drying, the heating process was
stopped for four hours to permit cooling of copra in the compartments. That was
done to avoid case hardening of copra which could be happened due to continuous
heating. Further, during that time the kernels were scooped from the shells of
coconut in the first compartment. The drying process continued further without
shells. When the copra in the first compartment reached to the preferred moisture
content they were unloaded and the drying process was continued with the copra in
the other two compartments. Similarly, copra on the second compartment was
unloaded when the desired moisture removal was achieved while keeping the copra
of the third compartment to dry further.
B) Experiment 2
Experiment 2 was done with loading only in the first compartment of drying chamber
to test single bed drying characteristics. Exactly 120 of coconut halves were filled to
the first compartment and drying process continued at a lower temperature. The
temperature at the heat exchanger outlet was controlled between 60 ºC and 65 ºC and
heating was stopped after 25 hours of drying in order to allow the copra to cool.
C) Experiment 3
Experiment 3 was similar to the experiment 2 except relatively higher drying
temperatures. As in the experiment 2, 120 coconut halves were filled to the first
compartment. The heat exchanger outlet temperature was kept around 70 ºC for
initial five hours to create higher drying temperatures during initial drying stages and
then it was maintained around 65 ºC till the end of drying. The heating was stopped
for four hours after 25 hours of drying as in the experiment 2.
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D) Experiment 4
Two thousand coconut halves were dried in a traditional kiln dryer to examine the
quality of copra from a kiln drying process.
When conducting the experiments in the hybrid dryer, steady state was achieved
before allowing the hot air to circulate through the drying chamber. Steady state
outlet temperature from the heat exchanger could only be achieved at least after 1 hr
of starting the combustion of biomass. The wet and dry bulb temperatures of the heat
exchanger outlet, the leaving air of all the drying compartments and the ambient air
were recorded at one hour time intervals using dry and wet bulb mercury
thermometers. The weights of six marked coconut cups were measured to find the
reduction of moisture level in hourly basis.
The initial moisture content of the coconut kernel and the final moisture content of
the copra were also measured for computational purposes. Ten cups were randomly
selected and 10 g samples were prepared using them. These samples were kept in a
convective electrical oven (A Griffin 1/200) which was maintained at 105 ºC till the
samples achieved constant weight.
The air velocity through the drying beds in the experiment 1, 2 and 3 was measured
using a Alnor velometer (Appendix C).

3.4.3 Coconut oil extraction
Coconut oil extraction was carried out by using a mini expeller. Six samples of copra
were used to extract oil. The samples were selected on random basis from the three
beds of experiment 1 and one sample each from experiment 2, 3 and 4. Copra
samples of 5 kg each were used to extract oil. The extracted oil was kept for 15 days
to settle down solid matters in the oil. Six oil samples were prepared and named
according to the source of copra as given in Table 3.1.
A Soxhelt extractor was used to find the oil yield of each copra samples before
expelling. Scraped copra samples of 10g each were used in the Soxhlet unit where
300 ml of hexane was used as the solvent.
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Table 3.1 Name of oil samples

Oil sample name

Copra source

CO 1

First compartment of experiment 1

CO 2

Second compartment of experiment 1

CO 3

Third compartment of experiment 1

CO 4

First compartment of experiment 2

CO 5

First compartment of experiment 3

CO 6

Kiln dryer

3.4.4 Testing of coconut oil quality
The coconut oil properties as mentioned in Table B1in the appendix B were
measured for all oil samples. Other than the six samples prepared previously, an
additional oil sample was bought from a retail shop for comparison. It was named as
CO 7. The tested oil properties are given below.
1. Color
2. Relative Density
3. Refractive Index
4. Moisture & other volatile matter
5. Insoluble impurities percent by mass
6. Free fatty acids
7. Iodine value
8. Saponification Value
9. Unsaponifiable matter
10. Mineral acidity
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The test methods and equipments used to measure these properties are described in
the Appendix C.
3.5 Data Analysis
A) Moisture content
The moisture content of wet basis was calculated by the following equation.
𝑀𝑤𝑏 =

𝑊0 −𝑊𝑓

× 100

𝑊0

---------------- (3.1)

𝑀𝑤𝑏 = Moisture content on wet basis
𝑊0 = Initial weights of the sample
𝑊𝑓 = Final weights of the sample
B) Thermal efficiency
The thermal efficiency of the dryer is the ratio of energy used to evaporate moisture
from the material to the amount of energy supplied to the dryer.
C) Specific moisture extraction rate
Specific moisture extraction rate is the energy required to evaporate one kg of water.

𝑆𝑀𝐸𝑅 =

𝑀𝑙
𝑃 𝑏𝑙 + 𝑊 × 𝐶

---------------- (3.2)

𝑀𝑙 = Amount water evaporated during the drying process
𝑃𝑏𝑙 = Amount of energy consumed by the blower
𝑊

= Amount of biomass fuel used

𝐶

= Calorific value of particular biomass.

D) The instantaneous moisture content
Following equation was used to compute the instantaneous moisture content at any
given time.

𝑀𝑡 =

𝑚 𝑖 𝑀𝑜 –(𝑚 𝑖 − 𝑚 𝑡 )
𝑚𝑡

---------------- (3.3)

𝑚𝑡 = Mass of material at any given time
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𝑚𝑖 = Initial mass of material.
𝑀𝑡 = Moisture content of material at given time
𝑀𝑜 = Initial moisture content of material
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4. RESULTS AND DISCUSSION
4.1 Performance of the Hybrid Dryer
4.1.1 Solar collector
Thermal performance of the solar collector was evaluated experimentally for both
forced convection and natural convection operations. The incident lux value and the
solar collector temperature were recorded from 9.00 am to 5.00 pm. Solar radiation
to the collector was varied by large quantities due to on and off clouds but the solar
collector temperature was not affected to a great extent by that.
The variation of solar collector outlet temperature with the time in the forced
convection operation is shown in figure 4.1. The collector outlet temperature
recorded highest values during 11.50 am and 1.00 pm while reaching the maximum
temperature of 67 ºC at 11.55 am. However, this may be changed with the prevailing
climate conditions of a given day.
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Figure 4.1 Variations of solar heater outlet temperature and Lux with drying time in
forced convection operation

41

Compared to the forced convection operation higher temperatures were recorded at
the solar collector outlet in natural convection operation. Figure 4.2 shows the
variation of the solar collector temperature with time in natural convection operation.
The highest temperatures were recorded from the collector during 11.30 am and 1.50
pm with a maximum of 76 ºC observed at several occasions during this period.
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Figure 4.2 Variations of solar heater outlet temperature and Lux with drying time in
natural convection operation
The temperature values achieved in the present study were greater than the values
observed by Mohanraj, M. and Chandrasekar, P. (2008). They also used a forced
convection flat plate solar collector with thermal storage but without having baffles
and corrugated plate. Thiruchelwam Thanaraj et al. (2007) reported that a
temperature of 51 ºC was achieved in a rotary solar collector designed to dry copra.
Maximum temperatures between 48 ºC and 73 ºC were recorded by Sarsavedia, P. N.
(2007) with flat plate corrugated collector where 73 ºC of temperature was recorded
with very low air flow rates. Mumba, J. (1996) had achieved the temperature of 63ºC
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with a forced convection solar air collector. Therefore, the results obtained from the
solar collector in the present study were satisfactory. Fixing of copper baffles to the
corrugated plate might have increased the thermal conductivity of base plate which
was in direct contact with the thermal storage.
4.1.2. Stove heat exchanger
Constant feeding of biomass to the stove was required to maintain the outlet
temperature of the heat exchanger at steady levels. The biomass feeding rate to
achieve outlet temperatures at 60 ºC, 70 ºC and 80 ºC were investigated. During this
test coconut shells and firewood were used as fuels. The coconut shells could be
obtained as by product in the copra drying process. The additional energy
requirement was fulfilled by using firewood. As expected, the biomass consumption
was at higher levels when the dryer was operated only with biomass. The obtained
results are shown in Table 4.1.
Table 4.1 Fuel consumption by stove heat exchanger
Biomass Consumption (kg/hr)
Temperature (ºC)

60

70

80

Operation mode

Coconut shells

Firewood

Hybrid

0.18

0.36

Biomass only

0.4

1.2

Hybrid

0.3

0.52

Biomass only

0.79

2

Hybrid

0.4

0.75

Biomass only

1.1

2.6

The biomass consumption was at lower levels during daytime due to hybrid
operation. The time period of 9.00 am to 5.00 pm was considered for the hybrid
operation. Feeding rate was not uniform during that time, less in around noon and
high in morning and afternoon. An average value for biomass feeding rate was
calculated for that time period.
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4.2 Drying Characteristics
4.2.1 Multi bed experiment
The variations of heat exchanger outlet temperature and temperature of the air
leaving from all compartments with drying time are shown in Figure 4.3 for multi
bed drying experiment (Experiment 1). The heat exchanger outlet temperature was
varied between 90 ℃ and 75 ℃ during first 23 hours and between 80 ºC and 70 ºC
during last 22 hours. It reached the maximum temperature of 92 ºC after 7 hours. The
minimum temperature of 68 ºC was recorded after 47 hours.
The temperature of the air leaving from the first compartment which is the
temperature of air receiving to the second compartment reached 70℃ within 7 hours.
It was fluctuated within a range of 65 ºC and 75 ºC till the end of drying period. The
temperature of the air leaving from the second compartment was increased slowly
during early drying stages and it reached 60 ºC after 14 hours. It was then varied
between 60 ºC and 70 ºC in final stages. The maximum temperature recorded in the
second compartment was 68 ºC after 30 hours. The lowest temperatures were
recorded at the third compartment. The temperature of the air leaving from the
compartment was reached to 50 ºC after 16 hours. The temperature was fluctuated
within a range of 55 ºC and 65 ºC at the end of drying.
Initially, the coconut halves consumed more heat to evaporate free moisture in the
kernels. But with the reduction of moisture, the amount of heat consumed by coconut
kernel was reduced. Furthermore, metal parts of the dryer including wall, trays and
doors absorbed more heat during initial drying stages. But, with time the heat
absorption by both coconut and metal parts were reduced. Therefore, the
temperatures of drying air in all compartments were increased with drying time as
shown in the Figure 4.3. The sharp drop of temperature observed in Figure 4.3 was
due to cooling after a full day of heating to reduce the case hardening effect.
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Figure 4.3 Variations of exit temperatures of compartments and the heat exchanger
outlet with drying time

The outlet temperature of the heat exchanger was highly dependent on burning rate
and type of biomass in the furnace and is not an easily controllable parameter. It can
be increased or decreased by altering the biomass feeding rate to the furnace but
maintaining a uniform temperature throughout drying period was a difficult task
requiring smooth operation mainly at higher operating temperatures. As a result, the
outlet temperature of the heat exchanger was fluctuated heavily during initial drying
stages as shown in the Figure 4.3. This variable temperature from heat exchanger
resulted in considerable temperature fluctuations at the first compartment but those
were small in size compared to the fluctuations at the heat exchanger outlet. The
fluctuations in the second compartment were even small in size and the temperature
fluctuations in third compartment were not significant.
Since the temperatures of leaving air from the compartments were measured during
the experiments, an average drying temperature was defined according to the
equation 1.
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Average drying
Temperature

=

Temperature of
receiving air

+ Temperature of
leaving air

---- 4.1

2

Figure 4.4 shows the variation of average drying temperature in each compartment
with drying time. It can be clearly noticed that during drying process the average
drying temperature had increased gradually. The average drying temperature of the
first compartment was raised to 81 ºC within 7 hours. Thereafter, it was varied
between 70 ºC and 80 ºC during last 25 hours of drying process. In the second
compartment, the average drying temperature was increased to 60 ºC within 6 hours
from the beginning. After that, the average temperature was varied between 60 ºC
and 70 ºC. The average drying temperature of third compartment was increased
nearly linearly during first 20 hours and it reached 60 ºC at the end of that period. In
the last 19 hours, the average drying temperature was between 60 ºC and 70 ºC. The
maximum drying temperatures recorded in the compartments were 81 ºC, 70.5ºC and
66.5 ºC in first, second and third compartments respectively. Similar to Figure 4.3,
the average drying temperature was also fluctuated during drying. This was in line
the fluctuations in the heat exchanger outlet temperature
The variation of relative humidity of each compartment with drying time is shown in
Figure 4.5. In the first compartment, the relative humidity was decreased at a
significantly high rate at the beginning and then it was decreased at a slower rate till
the end of drying process. The final value of relative humidity in the first
compartment was recorded as 15.64% at the end of 32 hours. The migration of
moisture evaporated from first compartment to the second one caused the relative
humidity of the second compartment to be higher than the first compartment. For the
first two hours of drying, the relative humidity of the second compartment was even
greater than the conditions. Afterwards, the relative humidity of the second
compartment was decreased continuously at a rate which was decreased with the
drying time. Final humidity of this compartment at the end of 42 hours was recorded
as 15.47%. The highest relative humidity was recorded in the third compartment
from amongst all three compartments. Analogous to the second compartment, during
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first three hours of operation, the relative humidity of the third compartment was
greater than the ambient with a peak value of 93.17% at the end of second hour. The
final relative humidity of the compartment was recorded as 18.47% after 49 hours.
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Figure 4.4 Average drying temperatures of compartments with drying time
The migration of moisture from lower compartments has created higher relative
humidity in upper compartments. Relative humidity values higher than the ambient
value were recorded in second and third compartments probably due to the
evaporation of surface moisture of coconut halves during initial hours of drying. The
relative humidity of the heat exchanger outlet was below than 10% except cooling
period. During four hours of cooling, the relative humidity was increased
considerably in all three compartments and in the heat exchanger outlet. However the
values were kept lower than the ambient value. The ambient relative humidity varied
between 73.3% and 88.6% where lower values were recorded at day time and higher
values were recorded at night time.
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Figure 4.5 Variation of relative humidity with drying time
The final relative humidity values were lower than the values obtained by previous
studies. Thiruchelwam Thanaraj et al. (2007) reported that final relative humidity of
30% was recorded in their natural convection hybrid dryer. They also mentioned that
36% of final relative humidity was recorded in kiln drying process with final
moisture content of 8 % in copra. The exact comparison cannot be made with those
results since both dryers were operated with natural convection and further, the kiln
drying process ended up with higher moisture content in copra than the present
study. Final relative humidity around 34% was recorded by Mohanraj, M. and
Chandrasekar, P. (2008) with a forced convection solar dryer. In that study, the
average temperature of drying air was 42 ºC which is around 15 ºC than the lowest
average drying temperature of present study. The lower relative humidity in present
study might be attributed to the higher drying temperature. Supratomo et al. (1990)
reported a lower relative humidity value for copra drying in a solar hybrid dryer.
They reported that a relative humidity of 26% was finally achieved in their study.
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Figure 4.6 shows the variation of moisture content of copra with drying time in each
compartment. It is observed that the drying rate was highest in the first compartment
and was lower in upper trays. The moisture content of coconut was reduced to 6.6%
from an initial value of 49.13% in the first compartment within 32 hours. In the
second compartment, the drying time of 42 hours was required to reduce the
moisture content of coconut from 48.62% to 6.91%. The highest drying time was
required in the third compartment of 49 hours to reduce the moisture content of
coconut from 48.82% to 7.11 %. A typical drying curve could be obtained for the
first compartment in which nearly a constant drying rate could be observed initially
due to the evaporation of surface moisture. As a result, the moisture content of
coconut was reduced to 20.3% within 12 hours of drying. After that, the drying
process was continued with a falling rate until the end of drying process. Similar
drying patterns were observed in second and third compartments at relatively slower
rates. In both compartments, the initial drying rate was significantly low. This may
be due to the migration of moisture from bottom layer/s.
Mohanraj, M. and Chandrasekar, P. (2008) recorded a higher drying time than the
present study for copra drying with a flat plate solar collector. However, there were
few differences between two studies. They used a drying chamber with two
compartments to dry 300 nuts of coconut to produce 60 kg of copra. The average
drying temperature was lower than the present study and final moisture contents of
copra were recorded as 7.8% and 9.7% in the bottom and the top compartments,
respectively. A drying time of 71 hour was recorded by Thanaraj et al. (2007) in a
solar – biomass hybrid dryer to reduce the moisture content of coconut from 50 % to
7%. Even though, the drying time was higher than to the present study, they
produced 147 kg of copra within one batch.
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Figure 4.6 Variation of moisture content of copra with drying time
4.2.2 Single bed experiments
Variations of exit temperatures of the first compartment and the heat exchanger
outlet for two single bed tests (Experiment 2 and Experiment 3) are shown in Figure
4.7 and Figure 4.8 respectively. The heat exchanger outlet temperature reached 60 ºC
within 3 hours and it was then controlled between 60 ºC and 65 ºC during the drying
process. During the experiment 2, the temperature of the leaving air of the
compartment was increased gradually up to 56 ºC within first 24 hours. In the last 7
hours, it was varied around 55 ºC. Since the heat changer outlet temperature could be
able to control smoothly, the temperature fluctuations in the drying chamber could be
minimized.
In the experiment 3, the heat exchanger outlet temperature was maintained between
60 ºC and 70 ºC. The exit temperature of compartment achieved 50 ºC within 4 hours
which was about 13 hours in experiment 2. A few significant fluctuations of
temperature were observed in the leaving air because of the temperature variations in
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the heat exchanger outlet. In both experiments, the temperatures were dropped closer
to the ambient temperature during the cooling period.
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Figure 4.7 Variations of temperatures of the first compartment and the heat
exchanger outlet with drying time of experiment 2
Figure 4.9 shows the average drying temperature in the drying chamber for
experiments 2 and 3. The average drying temperatures were 55 ºC and 59.95 ºC for
experiment 2 and experiment 3 respectively. In experiment 2, The average drying
temperature was increased to 50 ºC within 2 hours. It was then increased gradually
and recoreded a maximum of 60 ºC at the end of twenty forth hour of drying. In last
5 hours of drying it was varied just below 60 ºC. The average drying temperature of
the compartment during the experiment 3 was higher than that of experiment 2. It
reached 60 ºC during fourth hour of drying and then it was varied between 57 ºC and
60 ºC until cooling starts. In final few hours, it was recorded between 60 ºC and
65ºC. The discontinuity of the graph was attributed to cooling period.
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Figure 4.8 Variations of temperatures of the first compartment and the heat
exchanger outlet with drying time of experiment 3
Figure 4.10 shows the variation of the relative humidity of drying chamber with
drying time for both experiments. For both experiments the relative humidity had
decreased at a rate which was erduced with drying time. This behaviour was almost
identical to the first compartment of multi bed experiment. Figure depicts that the
relative humidity of air leaving from the drying chamber was very low for both
experiments after few hours of drying. After 10 hours of drying it was 42.42 % in the
experiment 2 and 36.25% in experiment 3 respectively. This indicates that air leaving
the copra bed was not fully saturated thereby wasting some of the sensible heat in the
leaving air. But in multi bed drying, the loss of sensible heat was much lower
compared to single bed drying.
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Figure 4.9 Average drying Temperatures of compartments of experiment 2 and 3
with drying time
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The variation of moisture content of copra with drying time is illustrated in Figure
4.11. The final moisture contents were recorded as 6.75% and 7% for experiment 2
and experiment 3 respectively. The drying time of experiment 2 was longer than the
drying time of experiment 3 by two hours. That difference of drying time was
ascribed to the difference in average drying temperatures for the two experiments.
For both experiments, a constant and higher drying rate at initial stages of drying was
observed. But, the difference between initial drying rates and final drying rate was
not considerable as in compartment 1 of experiment 1. This may be due to the use of
significantly high temperature across the compartment 1 of multi bed drying
compared to single bed drying.

Moisture Content (Wet basis) (%)

60

50

Experiment 2
Experiment 3

40

30

20

10

0
0

5

10

15

20

25

30

35

40

Drying Time (h)

Figure 4.11 Variation of moisture content of copra with drying time of single bed
experiments
The drying characteristics observed in the present study for copra drying are
tabulated in the Table 4.2. According to the results, the shortest drying time and the
highest drying temperature were recorded in the first compartment of multi bed
drying experiment. For single bed drying the drying time could be reduced by
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increasing the average drying temperature. However for multi bed drying, the drying
time was influenced by both the average drying temperature and the effect of
migration of moisture to the top compartments. This was evident with the
observation that the drying time of copra in the second compartment of multi bed
drying was recorded as the second highest even though the average drying
temperature was recorded as the second highest this experiment. Similarly, the
drying time of copra in the third compartment of multi bed drying which was
operated at an average temperature of 56.98 ºC was longer than by 12 hours to the
drying time of copra of experiment 2 which was single bed drying with an average
temperature of 55.62 ºC. In all the experiments, the final moisture content less than
7% could be achieved in copra with the exception of drying in the third compartment
of multi bed drying.
In multi bed dryings, the production of copra was 11.94 kg, 12.11 kg and 12.37 kg in
the first, second and third compartments respectively. Hence, production rate of
multi bed drying was 36.42 kg of copra within 49 hours of operation. Comparatively,
single bed drying could produce only 12.06 kg of copra within 37 hrs in experiment
2 and 12.24 kg of copra within 35 hours in experiment 3. Therefore, production rate
can be calculated as 0.74 kg/hr from multi bed drying, 0.33 kg//hr at low temperature
drying in single bed and 0.35 kg/hr at high temperature drying in single bed.
4.2.3 Copra drying test in the kiln dryer
In experiment 4, 204 kg of copra with moisture content of 6.4% was produced in the
kiln dryer. The copra was unloaded after 94 hours of drying. The heating was
supplied by firing coconut shells in 3 stages where the flue gas is allowed to pass
through the copra bed. Initially higher heating rate was maintained by using more
coconut shell in the first firing. The second and third firings were done with half the
amount of shells used for first firing. In total, around 700 of coconut shells were used
for the complete drying process.
4.3 Performance of the Dryer
The thermal efficiency of the dryer was examined for each experiment. The
efficiency values were calculated using a similar method as used by Thanaraj et al.
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(2007). The calculated thermal efficiencies for experiment 1, 2 and 3 are 7.07%,
4.05% and 4.18% respectively. These values are comparatively lower than the values
recorded in previous studies on copra drying (around 10%). However most of these
dryers were having natural draft. Consequently, the final moisture contents were as
high as 14% for a similar time period to the present study. In the present study,
significantly low moisture content (6% - 7%) was achieved when compared to the
conventional copra drying (about 12% - 15%). However the considerably low
thermal efficiencies recorded in the present study especially for single bed drying
operations may be attributed to following reasons.
-

the heat loss to the environment was high from the walls of stove since it was
made up with mild steel. Fabricating the stove with less conductive material
like firebrick or normal brick would decrease the heat loss and increase the
efficiency of the dryer.

-

loss of flue gas from the grate was noted during all the experiments. Since the
flue gas was circulated through the heat exchanger by natural draft, it may
escape through the grate due to possible pressure drop in the flow path.

-

Possibility of accumulating soot in the flow path might have affected the heat
transfer from flue gas to air which is any way difficult to achieve.

The specific moisture evaporation (SMER) rate which is defined as the energy
required for evaporating 1kg of moisture was found to be 32.11 MJ/kg, 55.99 MJ/kg
and 54.27 MJ/kg for experiment 1, 2 and 3 respectively.
The thermal efficiency was higher in multi bed experiments when compared with
single bed experiments. Hence the SMER value for multi bed experiment was
considerably low. This may be due to higher use of sensible heat of hot air to the
drying process in multi bed experiments.
The calculations of thermal efficiencies and SMER values are shown in Appendix D.
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4.4 Quality of Copra
The quality of copra is analyzed by considering mainly the color, oil content and
presence of low grade copra. Low grade copra includes scorched copra, slimy copra
and mouldy copra. No scorched or mouldy copra were resulted from drying in first 3
experiments. The results of all the drying experiments are summarized in Table 4.2.
Table 4.2 Results of copra drying experiments

Experiment

Drying

Average Drying

Compartment

Temperature( ºC)

Moisture

Drying
Time
(Hrs)

Content
(% wet basis)
Initial

Final

1

73

32

49.13

6.60

2

64

42

48.62

6.91

3

57

49

48.82

7.11

2

1

56

37

49.81

7.00

3

1

60

35

50.41

6.75

94

49.68

6.4

1

4

In multi bed drying experiment, higher amount of white copra per compartment was
observed in upper compartments. The percentage of white copra found in first,
second and third compartments were 10.32%, 13.33% and 42.33% respectively
(Table 4.3). Even though the white copra productions in first two compartments were
low, the majority of copra produced in these compartments was light brown or pale
yellow in color. More white copra could be observed in single bed drying
experiments in which white copra percentages were 82 % and 76 % for experiment 2
and 3 respectively. The remaining copra in these two experiments was light brown or
pale yellow in color. Thanaraj et al. (2007) were also able to produce white copra
with a percentage slightly above 70%. However, in conventional drying of
experiment 4 could not be able to produce copra or light brown copra. As in all other
kiln dryers, exposure to the direct fire caused color of copra to be brown or dark
brown. Figure 4.12 shows the copra cups with three different colors.

57

Table 4.3 Analysis of copra quality
White

Light

Brown

Other

Oil

copra

Brown

copra

copra

content

(%)

copra (%)

(%)

(%)

(%)

1

10.32

74.68

13.33

1.67

60.33

2

13.33

80.46

4.16

2.15

59.25

3

42.33

49

2

6.67

59.43

2

1

82

16.4

0

1.6

60.18

3

1

76

23.17

0

0.83

60.44

0

0

97.8

2.2

60.59

Experiment

Drying
Compartment

1

4

 The copra percentages were calculated by according to the number of cups
 Other copra includes slimy copra
The average drying temperature of the third compartment of multi bed drying was
comparable to the average drying temperature of single bed drying. But the
production of white copra was significantly lower in the third compartment of multi
bed drying than single bed drying. This may be attributed to considerably higher
drying time for the third compartment than single bed drying. This result indicates
that the high temperature is not the only factor for changing the copra color to brown
but also the time of drying.

(a)

(b)
Figure 4.12 Colors of copra

(c)

(a) White copra (b) Light brown copra (c) Brown copra
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4.5 Quality of Coconut Oil
Table 4.3 indicates that the oil yield had no significant effect from the method of
drying. Other than the first compartment of multi bed drying, the coconut oil
obtained from the hybrid dryer was almost colorless. The oil was same as virgin
coconut oil by appearance. Even though, the oil was produced with the pairing of
coconut kernel, a yellowish color was not observed in the oil. The very light
yellowish color was observed in the oil from copra of the first compartment of mult i
bed drying but it was also not considerably deviated from the appearance of virgin
oil. The color of oil produced by the copra obtained from kiln dryer was pale yellow
which is also lighter in color compared to the oil available in the retail market.
(Figure 4.13)

(a)

(b)

(c)

Figure 4.13 Colors of coconut oil
(a) Oil produced by copra of hybrid dryer (b) Oil produced by copra of kiln dryer
(c) Oil taken from a retail shop

The oils obtained from each experiment are tested for psychochemical properties and
the results are given in Table 4.4. To assess the quality of coconut oil, the measured
properties were compared with values specified by SLS 313 standards (Table B1,
Appendix B).
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Table 4.4 Physicochemical properties of coconut oil
Samples

Property
CO1

CO2

CO3

CO4

CO5

CO6

CO7

1

0.919

0.918

0.917

0.918

0.919

0.918

0.916

2

0.346

0.381

0.382

0.392

0.293

0.404

0.212

3

0.66

0.65

0.72

0.61

0.38

0.44

0.71

4

251.05 258.42

252.63 249.75

257.31 253.92

182.74

5

1.448

1.448

1.448

1.452

1.449

1.449

1.448

1. Relative density
2. Moisture & other matter percentage volatile at 105 ºC
3. Free fatty acids as lauric acid, percent by mass
4. Saponification value
5. Refractive Index
The relative densities of the all oil samples were in the range for any type of coconut
oil. The lowest relative density was recorded in the oil sample obtained from retail
market. The moisture contents also were in the range for virgin coconut oil and as the
relative density, the lowest moisture content was also recorded in the similar sample.
There was no trend established between the final moisture content of copra and
respective coconut oil produced by using that copra. That may be attributed to the
some additions or losses of moisture to the oil during processing of copra in the
expeller. Both, free fatty acid content and saponification value were in the range for
white coconut oil other than the oil from the retail market where very low
saponification value was recorded. A trend between free fatty acid content and
saponification value was not observed. Roberto C, Guarte et al. (1996) also did not
found a trend between free fatty acid content and saponification value in their study.
All the coconut oil samples except the one from retail market recorded refractive
index values less than the maximum value (1.4492) specified by the SLS standards.
The refractive index of the oil sample from retail market was deviated from values of
other oil samples with showing the highest value for all the samples. The moisture
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content, relative density, saponification value and refractive index of the oil sample
obtained from retail market were deviated from the respective values of other
coconut samples. The relative density and the saponification value of all types of
palm oils (Palm oil, Palm kernel oil, Palm kernel olein and Palm kernel stearin)
available in the market are lower than the values of coconut oil (Codex Stan 210,
1999). Furthermore, the refractive index of all types of palm oils is higher than the
refractive index of coconut oil (Codex Stan 210, 1999). Hence, lower relative density
and saponification values and higher refractive index values of the oil sample
obtained from retail market might be attributed to the adulteration of coconut oil with
some other edible oils such as palm oil.
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5. CONCLUSION AND FUTURE WORKS
5.1 Conclusions
Clean, white copra could be able to produce from the hybrid dryer. The amount of
white copra that can be obtained mainly depends on drying temperature. But,
exposure to hot air for a long time even at lower temperatures could also make the
color of copra to light brown. Furthermore, the production of brown copra was very
low with the hybrid dryer when drying temperatures are lower than 70 ºC. Bad
quality copra such as scorched copra and mouldy copra were not observed in hybrid
drying but very low amount of slimy copra was observed. Percentage of slimy copra
was highest at the top compartment of multi bed drying where 6.67% of slimy copra
was recorded.
The main drawback of multi bed drying is the difficulty in maintaining similar
temperature profiles in all 3 compartments. Therefore a quality variation among the
copra dried in 3 different compartments was unavoidable. Specifically the production
of brown copra was significantly high in the bottom compartment where the average
drying temperature was more than 70 ºC. However, a significant reduction in drying
time could be achieved compared to single bed drying. The copra production rate for
multi bed drying was 0.74 kg/hr which is almost double the rate for single bed drying
of 0.35 kg/hr. This may be due to the achieving of low specific moisture evaporation
(SMER) rate (32.11 MJ/kg) in the multi bed drying compared to the single bed
drying (54.27 MJ/kg).
Coconut oil similar to virgin coconut oil by appearance and quality could be
extracted from the copra produced in the hybrid dryer. This had been a good
achievement since the thick brown skin of the coconut was not removed before
extraction which involves labor. The color of the oil was acceptable even with the
light brown copra obtained from the bottom compartment of multi bed drying.

5.2 Future Works
Coconut oil produced in this study can be used to some value adding processes.
Generally, the RBD coconut oil is also supplied with light yellow color. But if this
oil is used for refining, colorless and refined oil can be supplied to the market
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without following bleaching step. That will attract more oil consumers due to the
health benefits and pleasant appearance.
This oil can be used to produce some cosmetic items such as herbal oil, body oil and
body lotion. The colorings could be added to the oil easily due to colorless nature of
it and the final product will be brighter. The possibility of using this oil as white oil
or virgin oil for already available applications needs to be evaluated with reference to
the color, odor and nutritional & medicinal quality. To reduce the cost of production,
the thermal losses of the system should be minimized. The biomass stove can be
made with low thermal conductive material such as fire brick to minimize the heat
losses. In this study, solar collector and drying chamber were made with metallic
materials. But in permanent drying systems, the solar collector and drying chamber
could also be fabricated with locally available material like bricks and clay. That will
reduce both heat loss and the initial capital cost. Additionally, a suction fan or blower
could be attached to the flue gas exit to facilitate the flue gas flow and to increase the
combustion efficiency. Wind ventilator is a good option to achieve this with low
capital outlay and low operation cost.
All the drying experiments of this study were carried out at a single location close to
Colombo, where the average solar radiation is considerably low compared to most of
the locations within coconut triangle such as Puttalam and Chilaw. Further
experiments are required to verify the performance of the dryer with reference to
areas of high solar radiation.
.
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Appendix A
Table A1: Manufacture of copra, coconut oil in Sri Lanka (CDA statistics)
Year

Copra (MT)

Coconut Oil (MT)

1975

203082

120263

1976

162818

100196

1977

79885

49160

1978

130145

80089

1979

163145

100397

1980

101619

62535

1981

125083

75668

1982

170397

102485

1983

138408

82884

1984

62295

36824

1985

218456

129807

1986

242616

143300

1987

125372

71622

1988

61987

34548

1989

129528

74633

1990

127806

74804

1991

60568

32556

1992

54956

30219

1993

40685

22000

1994

103985

60000

1995

112643

64515

1996

74468

41000

1997

67348

36185

1998

70272

38000

1999

64602

36000

2000

82062

44407

2001

112996

64320

2002

59033

30100

2003

49466

21000

2004

37081

25000

2005

37419

20000
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Table A2: Edible oil consumption pattern in Sri Lanka (Peiris, T. S. G., n.d.)
CNO
(MT)

Non-CNO
(MT)

1989

44965

1990

Year

Rate of oil consumption (Bottle/person/year)
CNO

Non-CNO

Both

21000

4.11

1.92

6.03

62580

19712

5.66

1.78

7.44

1991

31507

27231

2.81

2.43

5.23

1992

30234

40012

2.67

3.53

6.20

1993

48800

42235

4.253

3.68

7.94

1994

56121

55276

4.83

4.75

9.58

1995

55562

36965

4.71

3.14

7.85

1996

38688

73461

3.25

6.16

9.41

1997

50915

85023

4.22

7.04

11.26

1998

35498

90498

2.91

7.42

10.32

1999

31503

117284

2.55

9.48

12.02

2000

39751

90079

3.16

7.16

10.32

2001

61106

72662

5.02

5.97

10.99

2002

52896

142480

4.28

11.53

15.81

2003

82613

119502

6.60

9.55

16.15

2004

1 26105

111699

2.06

8.82

10.88
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Appendix B
Table B1: Characteristics of coconut oil
Edible type

Non edible type

Refined,
bleached and
deodorized
coconut oil

Refined and
bleached
coconut oil

White
coconut oil

Coconut oil

Paring
coconut oil

Virgin
coconut oil

Industrial
coconut oil

2

2

4

5

5

1

11

Relative density at
30°C/30°C

0.915 to 0.920

0.915 to 0.920

0.915 to 0.920

0.915 to 0.920

0.915 to 0.920

0.915 to 0.920

0.915 to 0.920

Relative density at
40°C
Moisture & other matter
Volatile at 105°C, max.

1.448 to 1.4492

1.448 to 1.4492

1.448 to 1.4492

1.448 to 1.4492

1.448 to 1.4492

1.448 to 1.4492

1.448 to 1.4492

0.1

0.1

0.4

0.4

0.4

0.5

0.5

Insoluble impurities, per
Cent by mass, max

0.05

0.05

0.05

0.05

0.05

0.05

0.05

Free fatty acids, as lauric
Acid, per cent by mass

0.1(max.)

0.1(max.)

0.8(max.)

0.8(max.)

0.8(max.)

0.2(max.)

1.0 to 5.0(or as
traded)

Iodine value

7.5 to 9.5

7.5 to 9.5

7.5 to 11.0

7.5 to 11.0

9.0 to 18.0

6.0 to 11.0

7.5 to 18.0

Saponification value

255(min.)

255(min.)

248 to 264

248 to 264

248 to 264

255(min.)

248 to 264

Unsaponifiable marrer,
per cent by mass, max
Mineral acidity

0.5

0.8

0.8

0.8

0.8

0.2

0.8

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Characteristic

Colour 25-mm cell on the
Lovibond colour scale
expressed in
Y+5R, not deeper than
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Method of
Test

SLS 313

Figure B1Typical solar energy drier designs
(Ekechukwua, O.V. and Nortonb, B., 1999)
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Appendix C

1. Details of equipments

Equipment
Luxmeter

Model Name
Testo 545

Technical Details
Range 0-100000 lux
Resolution :1 lux (0-32000 lux)
Resolution : 10 lux (0-100000 lux

Velometer

Alnor

Range of pressure = 0 to 10 inches H2O
Resolution: = 0.01 inches H2O
Range of flow rate: = 0-10000 ft/min
Resolution: = 20 ft/min

Oven

Range of temperature = 0℃ to 200 ℃

Griffin 1/200

(Velometer)

(Luxmeter)

(Oven)
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2. Soxhelt Extraction of Coconut Oil
Procedure:
1. Apply a thin layer of grease at all the ground glass joints.
2. Weigh 10 grams of scraped coconut accurately in to the extraction thimble.
3. Introduce 300 ml of solvent to the distillation flask.
4. Fit the condenser on top of the extractor tube, and circulate water.
5. Start heating the flask. Reflux the solvent for about an hour (4 to 5 times).
6. Switch off the heating and allow it to cool. Then remove the thimble from the
extractor tube and fit the apparatus back. Distill the solvent to the extractor tube
and collect it for reuse. Then weigh the oil left behind in the flask.

Results:
Represent the oil content by weigh percentage on the basis of the scraped coconut
used in the experiment.

𝑂𝑖𝑙 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 =

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑖𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑
× 100
𝑊𝑒𝑖𝑔𝑡 𝑜𝑓 𝑐𝑜𝑐𝑜𝑛𝑢𝑡

3. Tests of coconut oil
1. Free Fatty Acid (FFA) content
This test measure the free fatty acid content by a titration with ethonolic KOH and
gives the value as a percentage. FFA % is defined as the number of KOH required to
neutralize the free fatty acid in 1g of oil. The content of free fatty acid is increased
due to the moisture and sunlight and therefore can be reduced if refrigerated.

Chemicals :


NaOH or KOH solution – for RBD oil, refined oil and white oil normality of
the solution should be 0.1. For industrial oil solution it should be 0.5 N.



Phenolphthalein indicator
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Ethanol, 95% (V/V), neutral to the phenolphthalein indicator

Testing procedure :


Correctly weigh out 40g of RBD coconut oil or refined oil (if it is white
coconut oil the mass is 20g and if it is industrial oil mass is 10g) to a 250 ml
conical flask.



Add 50ml of the solvent (solvent consists of equal amounts of ethanol and
petroleum ether)



Heat it on a water bath



Titrate the mixer with 0.1 moldm-3 KOH solution using phenolphthalein as
the indicator



Take the end point of the titration as the colorless oil solution turnes to pink
color and take the reading.



The FFA percentage can be measured using the formula given below.

FFA% = (V * N *20.0 / (W)
Where,
V= Volume of the KOH obtained from the titration
N = Normality of the KOH (OH - ion concentration – here N = 0.1)
W = Weight of the oil sample (25 g)

2. Iodine value
Iodine value is defined as the number of grams of Iodine which react with 100g of
coconut oil. The Iodine value measures the quantity of unsaturated fatty acid by a
titration method. The unsaturattion is due to the presence of double bonds. Higher
the iodine value indicates that there are more unsaturated fatty acids present in the
oil.
Testing Procedure (Wij‟s Method):


2 – 2.5 grams of oil is mixed with 15 ml CCL4 to dissolve the fatty acid on
CCL4 in an iodine flask.
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Then the solution is treated with an 20 ml of Wij's iodine solution and seal
the bottle. Wij's iodine solution is a solution of iodine monochloride (ICl) in
glacial acetic acid. (Pale yellow color solution)



Allow the bottle to stand for 30 minutes in dark.



Next 15 ml of potassium iodide solution and 100 ml of distilled water is
added. Unreacted iodine monochloride is reacted with potassium iodide
which converts it to iodine.



This is immediately titrated against 0.1 M sodium thiosulfate solution using
phenolphthalein as the indicator. The color change from pale yellow to
colorless.



Add 3 ml of starch. Then the solution turns in to dark blue color.



The iodine concentration is then determined by titration with sodium
thiosulfate



At the end point the color changes from blue to colourless.



1 ml of 0.1 M sodium thiosulfate solution = 0.01269 g of iodine.



The difference between a control titration and the titration with the fat present
multiplied by this factor gives the mass of iodine absorbed by the oil.



The iodine value can be calculated by the given equation

𝐼𝑜𝑑𝑖𝑛𝑒 𝑉𝑎𝑙𝑢𝑒 =

𝑚𝐿 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 − 𝑚𝐿 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 𝑁 𝑠𝑜𝑑𝑖𝑢𝑚 𝑡𝑖𝑜𝑠𝑢𝑙𝑓𝑎𝑡𝑒 × 12.69
𝑊𝑒𝑖𝑔𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)

3. Saponification value
This is the number of KOH needed to neutralize the fatty acids formed by the
complete hydrolysis of 1gram of the lipid. This method is used to determine the total
acid content, both free and combined, of coconut oil. The combined acids are
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primarily esters formed by reaction with the neutral components present in the
original oil.

Chemicals:


KOH 0.5 N solution in 95% ethanol.



0.5 N HCl solution



Phenolphthalein indicator

Procedure:


Weigh 2 g of oil sample, to the nearest 0.01 g, into a 500ml clean, dry, flat
bottomed flask.



Add 25 ml of 0.5 N ethanolic potassium hydroxide by using a pipette.



Boil continuously under a Reflux condenser for 60 minutes.



Titrate between 60 and 70ºC with 0.5 N HCl acid using phenolphthalein
indicator



Run a blank in the same manner.

Calculation :
Saponification Value ={ (A - B) x N x 56.1} / W
Where,
A = HCl volume, for blank in mL
B = HCl volume, for sample in mL
W = weight of sample (dry basis), g
N = normality of HCl solution
56.1 = weight of potassium hydroxide

4. Relative Density
Relative density is the density of the oil with respect to the water at the temperature
of 30oC. It is measured by using a 50 ml density bottle.
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Procedure :


Weigh out the dry empty density bottle with stopper correctly to four decimel
places. (W1 g)



Cool or heat the oil until the temperature of the oil reaches 30 oC.



Then fill the bottle with coconut oil and measure the weight (W2 g). the
filling must be done slowly and carefully while holding the bottle in a
slanting position where the air bubbles are not not taken in with the oil. the
froth produced by the ar bubbles are carefully removed and the stopper is
carefully inserted before measuring the weight.



The relative density is given by the following equation
Relative density = (W2 – W1) / 50

Since 50 ml density bottle is taken the weight of the water that can be filled to the
density bottle is equalent to 50 g.

5. Color
Color of coconut oil is measured by using a Lovibond Tintometer in 25 mm
cell. Lovibond Tintometer is an automatic instrument and is very easy to use,. There
is no need to build up calibration curves as they are already established in the
instrument. The menu system guides operators through the selection of operating
parameters. Thereafter, measurements are initiated by just a single key press and take
less than 25 seconds to complete.

6. Refractive Index
Refractive index of coconut oil is the ratio between the velocities of the life of a
definite wave length in vacuum to the velocity in the oil medium. Refractive index is
measured using a refractometer.

Procedure :


Calibrate the refractometer and its accuracy using liquids with knowing
refractive index.
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Filter the oil sample through filter paper to remove any impurities and the last
traces of moisture. The sample must be completely dry.



Make certain that the temperature of the refractometer is 40.0°C



Fill the space between the prisms of the refractometer completely with oil.
Close the prisms and tighten firmly with a screw head.



Allow to stand for 3 minutes so that the sample comes to the temperature of
the instrument.



Adjust the instrument and light to obtain the most distinct reading possible
and then determine the refractive index. Take the readings in a temperature of
nearly 40.0°C.



Take several readings and calculate the average of all. After each
determination, the prisms of the instrument should be cleaned with a cotton
wool soaked with a mixer of ether and dry alcohol.

The refractive index at any other temperature can be calculated from the equation
given below.
R‟ = R + 0.0036 * T (For temperatures higher than 40.0°C)
R‟ = R - 0.0036 * T (For temperatures lower than 40.0°C)
Here

R‟ = refractive index at a different temperature
R = refractive index at 40.0°C
T = temperature difference in °C

7. Moisture
The moisture content of the oil can be measured by either oven method or using a
moisture balance. In the oven method a sample of oil is placed in an oven and heated
to 101 – 105 °C and the loss of mass due to the vaporization is calculated.
In the moisture balance method the sample is placed on a moisture balance for 5 –
10 minutes. Then the balance in the instrument is balanced by adjusting the weights
thereby the moisture content can be directly obtained.
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8. Mineral acidity
Mineral acidity measures the contents of mineral such as HCL and H2SO4 acids
mixed with oil.
Chemicals:


NaOH or KOH solution



Light petroleum (Boiling point 40°C – 60°C)



Methyl orange indicater

Test Procedure:


50g of oil is accurately weighed to a separating funnel


The oil is washed 3 times from portions of 50 – 60 ml of hot distilled water.



The hot water washings were combined to another separating funnel.



The water was allowed to be cooled to the room temperature.



The traces of fatty acids were removed by allowing it to be extracted to 50ml
of light petroleum.



The wash water was separated out and titrate with 0.01N NaOH or KOH
solution using methyl orange as the indicater.
Mineral Acidity = 100 * V / m

Here V = titration volume of NaOH or KOH in ml, m = mass of the oil taken in
grams
Here the mineral acidity is obtained as milliliters of 0.01 N acids per 100 grams of
oil.

9. Unsaponifiable Matter
This measures the other contents in coconut oil such as proteins, carbohydrates,
alcohol, sterol etc.

Chemicals:


95% Ethanol



Ethonolic KOH solution



Diethyl Ether (relative density 0.72 – 0.724)



HCl acid (relative density .1.6 – 1.18)
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0.5N KOH solution



Phenolphthalein indicater



Acetone



0.1N Ehanolic NaOH solution

Procedure:


2 – 2.2 grams of oil is accurately weighed and transferred to a 250ml flask.



25ml of Ehanolic NaOH solution was added and to the oil and heated and
refluxed with frequent swirling on a boiling water bath for 1 hour



The ethonolic soap solution was transferred to a separating funnel and rinsed
with 50ml of water for several times.



Allowed to be cooled to the room temperature.



Flask is rinsed with 50ml of ether and transferred to the separating funnel.



Separating funnel is stoppard and shake vigorously.



The solution was allowed to be separated and clarified.



The lower aqueous ehtanolic solution was transferred to a flask.



The ethereal extract was poured from the top of the separating funnel in to a
second 250ml separating funnel which contain 20ml of water..



The aqueous ehtanolic solution was transferred to the first separating funnel
from the flask. The extraction was repeated twice using 50ml of ether while
adding the extracted ether layer to the second separating funnel..



If a filter has been used, the filter was also washd with ether and added to the
second separating funnel



The liquid in the second separating funnel was swirled without shaking and
allowed to be separated and the lower aqueous layer was discarded.



The ethereal layer was washed out twice using further 20ml of water portions
and discarding the lower aqueous layer.



20ml of 0.5N KOH solution was added to the ethereal solution and was shake
vigorously. It was allowed to be separated and the aqueous layer was
removed. Same procedure was followed using 20ml water.
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The washing with alkali and then with water was followed more for two
times.



The washing with water was continued until the residue water become neutral
to the phenolphthalein indicator.



Ethereal solution was transferred to a weighed flask and most of the ether was
distilled off.



2 – 3 ml of acetone was added and the removal of the solvent was continued



The flask was then dried out until a constant mass was obtained. The
temperature must not exceed 80°C.



The residue was dissolved in 10ml of freshly boiled and neutralized ethanol
and it was titrated with 0.1N ethonolic NaOH using phenolphthalein as
indicator.



If the volume of 0.1N ethonolic NaOH required is less than 0.1ml, the mass
of the residue can be taken as the mass of Unsaponifiable matter.



If the volume exceeds 0.1ml the test have to be rejected and repeated.

The Unsaponifiable matter % by mass = (M1/M0) * 100
Here, M1 = mass of residue in grams
M0 = mass of oil taken in grams

10. Insoluble impurities
Insoluble impurities are defined as the dirt and other foreign matter insoluble in light
petroleum. It is expressed as a percentage by mass.
Procedure :


A weifhed quantity of 20ml – 50ml of oil at a temperature below 60 oC is
filtered through an ashless open texture filter paper which was previously
dried in an oven at 105 oC and weighed in a stoppered weighing bottle.



If the oil is slow in filtering the oil has to be dialuted in light petroleum (the
boiling point of the petroleum should be between 40 oC – 60 oC) before
filtration
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In a continuous extraction apparatus, the filter paper containing impurities is
extracted using light petroleum.



After a complete extraction, the filter paper and the contents are dried in an
oven at 98 oC - 100 oC and was reweighed in a stoppered weighing bottle until
the mass is constant.

Total impurities % by mass = ( M3 – M2) / M1 * 100
Here,
M1 = mass of oil taken in grams
M2 = mass of weighing bottle and the dry filter paper in grams
M3 = mass of weighing bottle and the dry filter paper containing impurities in
grams
For all the above mentioned tests there is a Sri Lankan Standard (SLS) which express
the critical value. The table below indicates those critical values of refined bleached
deodorized oil, refined bleacied oil, white coconut oil, paring oil, virgin coconut oil
and the industrial coconut oil.
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Appendix D

1. Calculation of thermal efficiency
Colorific value of firewood

= 14700 KJ/kg

Calorific value of coconut shell

= 12900 KJ/kg

Capacity of blower

= 0.746 Kw

Latent heat of vaporization of water

= 2270 kJ/kg

a) Experiment 1 (Multi bed experiment)

Compartment 1
Amount of final dried product at the (𝑚𝑓 )

= 11.94 kg

Initial moisture content of coconut (𝑀0 )

= 49.13 %

Final moisture content of coconut (𝑀𝑓 )

= 6.6 %

Oil content of copra

= 11.94 × (1- 0.066)
= 11.152 kg

Initial weight of coconut without shells

= 11.152 × 1/ (1-0.4913)
= 21.922 kg

Weight loss during drying

= 21.922 - 11.94
= 9.982 kg

Compartment 2
Amount of final dried product at the (𝑚𝑓 )

= 12.11 kg

Initial moisture content of coconut (𝑀0 )

= 48.62 %

Final moisture content of coconut (𝑀𝑓 )

= 6.91 %

Oil content of copra

= 12.11 × (1- 0.0691)
= 11.273 kg

Initial weight of coconut without shells

= 11.273 × 1/ (1-0.462)
= 21.941 kg

Weight loss during drying

= 21.941 – 12.11
= 9.831 kg
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Compartment 3
Amount of final dried product at the (𝑚𝑓 )

= 12.37 kg

Initial moisture content of coconut (𝑀0 )

= 48.82 %

Final moisture content of coconut (𝑀𝑓 )

= 7.11 %

Oil content of copra

= 12.37 × (1- 0.071)
= 11.49 kg

Initial weight of coconut without shells

= 11.49 × 1/ (1-0.4882)
= 22.451 kg

Weight loss during drying

= 22.451 – 12.37
= 10.081 kg

Initial Surface moisture in coconut halves

= 7.12 kg

Total weight loss during drying

= 37.006 kg

Amount of energy used to evaporate the moisture

= 37.006 × 2270 kJ
= 84003.62 kJ

Amount of firewood used for drying coconut

= 51 kg

Amount of coconut shells used for drying coconut = 25 kg
Amount of energy supplied by biomass

= 51 × 14700 + 25 × 12900
= 1072200 kJ

Number of operating hours of the blower

= 45

Energy consumed by the blower

= 45 × 0.746 × 3600
= 120852 kJ

Total energy utilized for drying of coconut

= 1072200 + 120852
= 1193052 kJ

Thermal efficiency of the drier

= (84003.62 / 1193052) × 100
= 7.07 %

b) Experiment 2 (Single bed experiment)
Amount of final dried product at the (𝑚𝑓 )

= 12.06 kg

Initial moisture content of coconut (𝑀0 )

= 49.81 %
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Final moisture content of coconut (𝑀𝑓 )

= 7.00 %

Oil content of copra

= 12.06 × (1- 0.070)
= 11.216 kg

Initial weight of coconut without shells

= 11.216 × 1/ (1-0.4981)
= 22.347 kg

Weight loss during drying

= 22.347 – 12.06
= 10.287 kg

Initial Surface moisture in coconut halves

= 2. 192 kg

Total weight loss during drying

= 12.479 kg

Amount of energy used to evaporate the moisture

= 12.479 × 2270 kJ
= 28327.33 kJ

Amount of firewood used for drying coconut

= 34 kg

Amount of coconut shells used for drying coconut = 8 kg
Amount of energy supplied by biomass

= 34 × 14700 + 8 × 12900
= 603000 kJ

Number of operating hours of the blower

= 37

Energy consumed by the blower

= 37 × 0.746 × 3600
= 99367.2 kJ

Total energy utilized for drying of coconut

= 603000 + 99367.2
= 702367.2 kJ

Thermal efficiency of the drier

= (28327.33 / 702367.2) × 100
= 4.05 %

c) Experiment 3 (Single bed experiment)
Amount of final dried product at the (𝑚𝑓 )

= 12.24 kg

Initial moisture content of coconut (𝑀0 )

= 50.41 %

Final moisture content of coconut (𝑀𝑓 )

= 6.75 %

Oil content of copra

= 12.24 × (1- 0.0675)
= 11.414 kg
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Initial weight of coconut without shells

= 11.414 × 1/ (1-0.5041)
= 23.016 kg

Weight loss during drying

= 23.016 – 12.24
= 10.776 kg

Initial Surface moisture in coconut halves

= 2. 370 kg

Total weight loss during drying

= 13.146 kg

Amount of energy used to evaporate the moisture

= 13.146 × 2270 kJ
= 29841.42kJ

Amount of firewood used for drying coconut

= 36 kg

Amount of coconut shells used for drying coconut = 8 kg
Amount of energy supplied by biomass

= 36 × 14700 + 8 × 12900
= 632400 kJ

Number of operating hours of the blower

= 35

Energy consumed by the blower

= 35 × 0.746 × 3600
= 93996 kJ

Total energy utilized for drying of coconut

= 632400 + 93996
= 726396 kJ

Thermal efficiency of the drier

= (29841.42/ 726396) × 100
= 4.18 %

2. Calculation of Specific moisture evaporation rate (SMER)

a) Experiment 1 (Multi bed experiment)
Amount of water evaporated from the drying of coconut

= 37.006 kg

Amount of energy utilized for the drying of coconut

= 1193052 kJ

SMER

= 1193052 kJ / 37.006 kg
= 32.11 GJ/kg
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b) Experiment 2 (Single bed experiment)
Amount of water evaporated from the drying of coconut

= 12.479 kg

Amount of energy utilized for the drying of coconut

= 702367.2kJ

SMER

= 702367.2 / 12.479 kg
= 55.99 GJ/kg

c) Experiment 3 (Single bed experiment)
Amount of water evaporated from the drying of coconut

= 13.146 kg

Amount of energy utilized for the drying of coconut

= 726396 kJ

SMER

= 726396 / 13.146 kg
= 54.27 GJ/kg
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